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III-23t

HEAT AND SOUND INSULATING LOOSE FIBER MATERIALS - materials used

for reducing the heat transfer between the insulated object and the

surrounding medium and for sound insulation from it. By their struc-

ture a distinction is made between fibreous, cellular, grain-type and

laminar heat and sound insulating loose fiber materials. Comp-sitions

from various materials are also frequently used in insulation designs.

The following fibers are used as the starting raw material for

loose fiber materials: a) organic, i.e., natural (cotton, wool), ar-

tificial and synthetic (viscose, capron, nitron, coal, graphite); b)

inorganic, (asbestos, glass, kaolin, quartz, silica, from slag, etc.).

Magnesium carbonate, perlite, silica-gel, colloidal silica, carbon

black, diatomite crumbs, refractory oxides, etc., are used for powder

heat and sound insulating loose fiber materials.

The temperature range in which heat and sound insulating loose

fiber materials can be used depends on their chemical composition and

properties. The majority of the materials has a porous structure,

which imparts to them high heat protection properties with a relative-

ly low specific weight. Fibreous materials, powders and vacuum de-

signs are the most effective insulators.

The thermal c':nductivity of heat and sound insulating loose fiber

materials depends on the temperature, specific weight, moisture con-

tent, fiber diameter (particle size) and a number of other factors.

Heat and sound insulating loose fiber materials with communicating

pores have good sound absorption Froperties and are used in designs

simultaneously as heat insulating and sound insulating materials. An
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increase in the sound absorption at low frequencies is obtained by

making the absorbing layer thicker and providing an air gap (space)

between it and the retaining wall. The greatest absorption is obtained

with the air gap width equal to a half-wave, since then the absorber

is located in the zone of greatest vibrations and friction losses.

The following kinds of heat and sound insulating loose fiber ma-

terials are most efficient.

I. Materials from organic fibers (maximum working temperature up

to +1200).

Quilted

1. VT4 (TU MPTShP 340-55) - quilted mats from the waste of drawn

or nondrawn capron staple fiber. The material burns and melts weekly,

after the flame source is removed, the burning ceases. The presence

of admixtures of other fibers, including glass fiber, is not permitted,

since it increases the combustibility.

VT4 is used for heat and sound insulation of ships, cutters, air-

craft, service premises, ventilating installation,,, pipelines; when

faced by capron fiber it is fungus resistant and suitable for use in

a humid atmosphere. The therm l conductivity coefficient for a speci-

fice weight of 50 kg/m3 is ex~ressed by the equation ) = 0.03? (1 +

+ 0.0056 tsr)* The temperatur range of application is -60-+1200.

2. ATIm (M•P TU l845-5¶) - quilted mats from antipy;ine-treat-

ed (with fire-proofing impregnation) cotton (loose cotton), faced on

both sides by antipyrine-treated cotton gauze. After the source of

fire is removed, ATIMKh does not burn or smolder. The thermal conduc-

tivity coefficient at an average temperature of -20 is 0.03 kcal/m-

hour-OC, it is highly sensitive to moisture and may rot. ATNIKh is

used in the form of blanks or ,anels faced by decorative fabrics, ma-

terials, rigid retaining wallsl; its high sound absorption characteris-
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III-23t2

tics and low cost make it possible to use this material in ventilating

installations of dry premises. The blanks and panels can be glued by

glues 88 (up to 90*) and PU-2?, thumb tacks or by lathing. The temper-

ature range of application is -60-+1200.

With an Organic Binder Base

1. VrT4S (VTU STU35-115-61) - vovers frcan drawn and nondrawn capron

staple fiber with polyanide binders, i.e., varnish (FTU MKhP M319-53)

or glue PEF2/lO (*MJ GKhPK P38-56); is produced in thicknesses of 15,

20, 6 and 3Z a ano is correspondingly marked as VT4S-15, VT4S-20,

VT4S-25 and VT4S-30; burns and melts weakly, after the source of flame

is removed the burning ceases. Admixtures increase the combustibility

and are not permitted. The thermal conductivity coefficient for a

specific weight of 25 kg/m3 and an average temperature of 200 is 0.032

kcal/m-hour-OC. VT4S is used in the form of blanks or panels, faced

with decorative fabrics and materials, as heat and sound insulation of

ships, cutters and aircraft. The blanks and panels are fastened in the

same manner as ATIMKh. The material is easily deformed under load upon

installation and use; it is suitable for operation in a moist atmos-

phere. The temperature range of application is -60-+1200.

I1. Materials from inorganic fibers (maximum operating temperature

from 1000 to 700*).

With an Orgsnic Binder Base

1. Heat and sound insulating plates (Tables I and 2) are made from

staple glass fiber obtained by vertical blowing and a binder, I.e.,

brand NUP-i7, SP-2, B, etc., synthetic resins.

The hygroscopicity of the plates after they are held for 5 days

at a relative air humidity of 65% does not exceed 6%. Brand "A" plates

are faced on one side by a dense glass fabric from nonalkaline glass.

The plates are used as heat and sound insulating materials aboard
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III-23t3

ships, river boats, refrigerators, autobuses, railroad cars, the tem-

perature of the insulated surfaces being -60-+100.

The rolled glass fiber material (VTU-13-59) is made from stAple

glass fibers, which are obtained by blowing and are bound by synthe-

tic resins (MF-19, B, and SP-2). The dimensions of the rolled material

TABLE 1

Indicators of Heat and Sound Insulating Plates

3 1',4 i;C5 I5116 b I

Ib25" .W.. . no allOO 18,I O 8.@ 1 5 i
- - fa- S - -

, TY 12-S11 '22. - ! 000 0 . so10 .2 0:1 N Oi iI

3TY I,.Sk 00--0 , 00 10o. so 20, 30, , 0 I I6 l0

3T713-I0 M.Q 40-80 j O,00. 101o too 30, 40.50 10. Is 110

1) Plate brands and TU; 2) specific weight (kg/m3, not more than)' 3)
dimensions; 4) average fiber diameter (microns, not more than); 51 con-
tent of nonfibrous inclusions (%, not more than); 6) resin content
(%, not more than); 7) resilience (restoration coefficient, %); 8)
length; 9) width; 101 thickness (mm); l1) cm; 12) brand A VTU 12-58;
13) brand B VTU 12-58; 14) brand A VTU 965-352-58; 15) brand B, same
as above; 16) VTU 13-59.

TABLE 2
Heat and Sound Absorption Characteristics of Plates

cpfp6 n VeN WUiWDrryM uanCump (IC) 0 20 1 0.04 0 1.3 100 j120
.w1. 1 Mpn8OAN U (1MAjA- .C) _1..03'10.-,' , 0.0t 0 3 4 i0.0" .04010.0$3,. w~rwue.,,, -. .R wI.,-.- u, 01...o0 0.o'1',o.'.,I,.o,,l0. o,,'!;',

(114) 4 __ 200 1 400ý 9 00 1 !000 2000 15000

1) Average temperature of the insulation (Oc);
2) thermal conductivity coefficient (kcal/m-
hour-OC). 3) sound absorption; 4) frequency
(cps)i 55 sound absorption coefficient.

are: thickness (mm) 20, 30, 40, 50, 60, width 100 (cm), roll diameter

up to 80 cm, fiber diameter not more than 15 microns. Specific weight

30-65 kg/m3 . Binder content from 1.5 to 16%. The rolled material from

nonimpregnated staple fiber with 2.5% of lubricant, specific weight of

35 kg/m3 , average fiber diameter of 12 microns and temperature of 20e

1826
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III-23t4

has a thermal conductivity coefficient of 0.036 kcal/m-hour-*C. The

sound absorption for a 45 mm thickness of material is characterized by

indicators given in Table 3.

TABLE 3
Sound Absorption Characteristics of Rolled Material

$(-1#~a(I) . 460 300 lon 1:o9

2Mae", as o.iraw . ... 0. 402

1) Frequency (cps); 2) sound absorption coeffi-
cient.

The material is used as sound insulation in residential and In-

dustrial construction, cooling equipment and pipeline insulation and

in petroleum refining apparatus. The temperature range nf application

is -6o-looo.

3. Mineral wool products FMV-Kh (VTU 965-2183-52 MSPTI and MSP)

- lumpy heat insulating material consisting of 52% mineral wool, 17%

grade IV asbestos, 18% calcined vermiculite, 4% bentonite clay and

9% brand Sh bitumen. The specific weight of the products is not higher

than 300 kg//m3 . The thermal conductivity coefficient at a temperature

of 200 is not higher than 0.055 kcal/m-hour-eC. The ultimate flexural

strength is not less than 1.6 kg/cm 2. The moisture content does not

exceed 5%. They are used for heat insulation of pipelines and ship

systems. The temperature range of application is up to +100.

4. Mineral wool mats with a bitumen binder base (vTU 42-47 MSPTI),

specific weight 225 kg/m3r thermal conductivity coefficient at 20-30"

not higher than 0.052 kcal/m-hour-OC; are used for heat insulation of

industrial installations and equipment, and also for enclosing struc-

tures of buildings. The temperature range of application is up to +1000.

5. Mineral felt with a bitumen binder as a base (GOST 6125-61) is

made with specific weights of 150, 200 and 250 kg/m3 , at 30' the ther-
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III-23t5

mal conductivity coefficient is, respectively, 0.05, 0.055 and 0.060

kcal/m-hour-OC. The ultimate tensile strength along the layers, depend-

ing on the brand, is not lower than 0.08-0.14 kg/cm2; it is used for

heat insulation of Industrial installations, pipelines and equipment,

as well as for enclosing structures of buildings with a temperature of

+600 (inside the buildings).

6. ATIMSS (TU MLP 1520-57) - porous covers from staple glass

fiber 5-7 microns in diameter with an alcohol solution of the IF or

B bakelite varnish as the binder. Aluminum-borosilicate glass which

is used for making ATIhSS should contain not more than 2% alkaline

metal oxidps. ATI?4SS doez not burn or smolder. For characteristics

of ATIMSS see Table 4.

AT324SS is used for heat insulation of aircraft and other commun-

ications facilities in a temperature range of -60-1i500. At higher

operating temperatures the binder (varnish) burns out and the material

becomes more dense; it is used in the form of panels and blanks faced

by the AZT or ANZM materials. The blanks and panels are fastened in

the same manner as ATIMKh. The thermal conductivity coefficient for

a specific weight of 25 kg/m 3 is determined from the equation X = 0.03

(1 + 0.0093.tsr). The temperature range of application is -60-+150".

7. ATM-1 (MRTU 6-11-11-64) - porous covers (mats) from ultrasuper-

thin staple glass fiber with a diameter up to 2.5 microns and with the

VR-I phenolformaldehyde resin as a binder. On one side the covers are,

faced by a layer of aluminum foil 20 microns thick (GOST 618-62) or by

a synthetic film. The material without the film does not burn or

smolder. The thermal conductivity coefficient for a specific weight of

10 kg&m3 and an average temperature of 200 is 0.027 kcal/m-hour-OC.

AT4-1 is used for heat and sound insulation of aircraft, in the temper-

ature range from -60 to +1500.
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The ATM-i material is produced with a thickness of 20, 25, ,35and 40 mm and, depending on the facing it Is markaA az,: a) ATM-l..20oFwhen faced on one side with aluminum foil. b)AM.l.0.
A7M-44.30..p ATM-1-.35-P arnd ATh!-l.4o..p when faced on one side with asYnthetic film; c) ATM-l..20.PP, ATM-1..25.PPP AVh-1..g.PP, ATM-l.ý35..PPand ATM-l..4o-.pP when faced on both sides with a zynthetic, film; d)ATI?4-l.20, ATM-l..25, ATM-1-l.30, A2M-l.35, AIM-140 wher. nio facing is ap-plied. Indicators of ATM-). are given in Table 5.

TAKE 4
Dimensional and Weight Char-acteristics of AT3lqSS

map"* 
"aA no x

ATHM ,C.2 0 2(n-2 1301? S .~ 5%%t ; 21A H4 26 25-2 13nts 651 31 Vs 25AKHMcC.Ja 0-2 1 30± 5 S Poll 2$.A HC.so- 50-5 13111 , 5 I I f375 2S

1~ Brand; 2) cover dimensions; 3) weight of a m2(g. not more than);'4 pecific weight (k&/m3, not more than); 5) thickness (mm); 6) length;
TABLE 5
Dimensional and Weight Characteristics or ATM-.l

Tape g it*&.a 
eAsons# 

I& '

1045+ 010 550-40 
:6 ~ 0~o 7-i 0-316o 211 .540.

11.+ 150-60 536 :, () 34 :O...~ 270-330 1003 240-100
4054 60-so 55-go 4-s laois 0 5-3 404 40 1

The specific weight of ATM-1 with hut the facing shoul dbe within the limits of 8-10 kg/ms.1) Thickness under a p~es sure of 1 g,/cm 2 (mm); 2) length (cm);ý 3) width
(cm); 4) weight of a m . g; 5) unfaced and with a film; 6) with the
foil; 7) foil-faced on one side; 8) film applied to one sid~e; 9) f ilm
applied to both sides; 10) unfaced.
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8. Mineral fIlt with ;ynthetic resin bases Is made in the form of

rolled material or mats; specific weight not higher than I00 kg/m 3 .

The thermal conductivity coefficient at 30* is 0.037 kcal/m-hour-*C.

Hygroscopicity - the amount of moisture after 15 days compriaes 3-4%.

The felt can be used at 150* and'higher temperatures, depending-on the

binder properties.

9. Mineral wool matz with synthetic resin bases (VTU 104-53 of

the Building Ministry) are made of two brands, i.e., S-i00 and S-125,

the specific weight, respectively, is 100 and 125 kg/mr3 . The thermal

conductivity coefficient at 30" is 0.09-0.045 kcal/m-hour-*C. The ul-

timate tensile strength cf S-100 is not lower than 0.05 and of S-125:

is not lower than 0.1.0 kg/cm'. The organic binder content is not high-

er than %, moisture content not above 1%. The mats are used for heat

insulation of industrial installations and equipment, and also for -the.

enclosing -ruct es of buildings at temperatures up to +130*.

10. V- ral wool-asbestos plates KCh (TU 95-52 MSPTI). Specific •/•---.

weight 350 and 400 kG/mr3 with the corresponding branding as "350" and

".'00." The plates consist of 62% mineral wood, 21% grade V asbestos,

12% bentonite clay and 5% brend V bitumen. The thermal conductivity

coefficient at 500 is not higher than 0.068-0.073 kcal/m-hour-OC, the.

ultimate strength in flexure is 2.5-3.0 kg/cm2 the moisture content is

not above 5%. The plate dimensions are 1000 x 500 mm with thicknesses

of 25 and 30 mm. They ai-e used for insulating refrigerators, industrial

installations and epiipment. The limiting temperatures for building-

installed objects I. uit to +150*.

With an 0rp'anosilicon Binder Ba~e

ATLMSSK (STU 3116-6 1). covers from staple glass fiber 5-7 mi-

crons in diameter with organosilicon resin as the binder. The glass

fiber is made from aluminum borosilicate glass containing not more

S. .1830
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III-23t8

than 2% of alkaline metal oxides. The binder used is a toluene solution
of the M-1 or K-47 organosilicon resins. The thickness of the material
Is 15, 20, 25 and 30 mm and the brands are named, respectively,

ATIfl4SK-15, ATIMSSK-20, ATIOSsK-25 and ATD(SSK-30. The dimensions of
the covers are: length 130 + 5 cm and the width 95 ± 5 cm. Specific
weight 25 kg/m3 . Binder content 15-30%. The thermal conductiiity coef-
ficient is expressed by the equation X = 0.03(1 + O. 0 093.tor). It is
used in the form of panels for heat Insulation of aircraft in the tem-
perature range from -60' to +350*. The ANT,4-I material, which Is suit-
able for operation at temperatures up to +200%, Is used as the facing

material.

Quilted (without a binder)

1. ATM-3 (VTU 35 ShP-l-62) - quilted mats from ultrasuperthin
staple glass fiber with a diameter up to 2.5 microns, is the lightest
quilted material (Table 6).

TABLE 6
Dimensional and Weight Char-
acteristis of ATM-3

ATM-3.S S I . 1 0- S 6 5 64 @ATM-3-I1 I 110-- son-% 40 4e 0

ATh-3-30 20 $Ifs4j-51 I~
1) Brand; 2) mat dimensions; 3) thickness, not less than ( 4m); length(cm); width (cm); 6) specific weight (k/ 3) not more than; 7) weightof 1 m• not more than.

The standard moisture content of the material is not higher than
2%, and the chlorine ion content in water drawing should not exceed
0.03%. Leaching out in terms of Na2 0 not more than 5 mg. For a standard
specific weight of 40 kg//m3 the thermal conductivity coefficient is
0.041 kcal/m-hour-eC at a temper.•ture of 160" and 0.06 kcal/m-hour-'C
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at a temperature of 260".

2. Mats and strips for heat insulation (QOST 2245-43) from drawn

and blown glass fiber are made in the form of quilted products of var-

lous sizes. The mats are used for heat insulation of flat and cylin-

drical surfaces with a large radius of curvature, while the strips are

used for insulating cylindrical surfaces of pipelines with a small

radius of curvature. The temperature range of application is -60-+500*.

3. ATIMS (VTU LP S-1-57) 'quilted mats from nonalkaline staple

glass fiber with a diameter of 5-7 microns are produced of the follow-

ing brands: ATIM S-5, ATIMS-10 and ATIMS-15. The material does not

burn or smolder. The tiermal conductivity coefficient for a specific

weight of 100 kg/m 3 is determined by the equation X = 0.026(1 +

+ O.009-tsr). ATIMS is used for insulating pipelines and units opera-

ting at temperatures from -60 to +450* or for short periods of time up

to +6oc0.

4. ASIM (TU MPSM l82-53) - quilted mats from glass fiber of alka-

line composition (fiber diameter 14 microns), faced by glass fabric

and sawn through with glass threads. ASIM brands are ASIM-5 and ASIM-9.

ASIM does not burn or smolder. The thermal conductivity coefficient is

determined by the equation X = 0.023(1 ) 0.056-t sr). ASIM is used for

insulating pipelines and other cnmponents and units operating at tem-

peratures from -60 to +4000 or for short periods of time up to +500*.

The ZhST (TU 1135-51) and ZhST-15 (TU 660-51) glass heat insulating

packing cord consist of a core made from glass fiber 19 microns in'di-

ameter and a mesh braiding, formed by interweaving of 12, 16 and 24

twisted glass fibers along a spiral; they are used as heat insulation

of pipelines and other units with a complex geometric shape. Tempera-

ture range of application -60-+5000.

III. High temperature resistant from quartz, silica and ceramic

1832
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fibers (maximum operating temperature ap to 12000 and above).

1. Materials from silica fiber (VTU 13-52) (fabrics), contain 98%

silicon dioxide and are obtained by treating aluminum borosllicate

glass fiber and products made from it with acids. As a result of heat

treatment at temperatures of 800-10000 the silica materials shrink and

upon secondary heating become stabilized and retain their geometric di-

mensions. The sintering temperature of silica materials is 1450-1500e.

The specific heat of the material is 0.2 kcal/kg-OC at 20* and 0.25

kcal/kg-C* at 10000. Materials from silica fiber are used for heat in-

sulation of various pieces of equipment at temperatures up to 12000,

they are also used as gas filters and sound absorbing materials.

2. Materials from graphite and coal fibers with a limiting appli-

cation temperature up to 2500* (for short periods of time) are made by

thermochemical treatment of fabrics mats and felts from organic fibers,

have a sufficient resilience, chemical inertness (resistance) to the

effect of alkalis and acids (except for strong oxidizers) and high

heat resistance. At low temperatures (-196*) and in the region of above-

zero temperatures up to +4000 the graphite P.id coal materials do not

oxidize. At higher temperatures they increase their mechanical strength

and are not oxidizabla in a reducing medium. Coal materials have higher

heat protection properties than graphite materials, but contain several

percents of volatile substances.

Graphite and coal fibreous materials can be used for heat insula-

tion of various objects, in the making of vessels for corrosion-aggres-

sive fluids, filters, heat resistant gaskets, etc. The temperature

range of application is up to +4000 in air, at higher temperatures they

can be used in protective atmosphere.

IV. Heat insulating materials for deep freezing. Deep freezing

equipment makes extensive use of liquefied gases which are stored and

1833 .0
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transported in the presence of materials and designs which make it pos-

sible to reduce to a minimum the evaporation losses, i.e.,, with highly-

effective Insulation from fine-dispersicn powders,, fine fibers and

other materials, the thermal conductivity of which decreases subz•tan-

tially with the temperature (see Table 7).

The Insulating efficiency of powdered and fibrous heat insulating

materials under standard atmospheric pressure is insufficiently high

if, in addition, it is taken into account that they can become moist,

thus impairing their heat insulating properties. Insulation obtained

by using a high vacuum produced between two highly reflecting surfaces

Is also not entirely satisfactory. Use is made of vacuum-powder insul-

ation which makes it possible, under a vacuum of the order of 0.010-

0.10 mm of Hg, to obtain a thermal conductivity coefficient of 0.005-

0.015.

TABLE 7
Thermal Conductivity of Heat -
Insulating. Materials

1 ,•ar• (,W4,t a wf. C) Oro
Mattum

no 3 x 37 0.008 *.017SO.22 0.021

5 l- -. 54 .O0.005

6 131 .0,02 @0.2S *0,29 0.032

,"'.0-,i0.03° 0.043 0.04I

S T .. SS 0.00" 0.e01 0.022 0.027
Ae01~weA ii.,.oA ,,". . 470 0.072 0.117 ,127 0.132

1) Materials; 2) specific weight (k/m 3); 3) thermal conductivity coef-
ficient (kcal/m-hour-*C) at ar average temperature (OC); 4)'crushed
cork (grain size 3 mm); 5) diatomaceous earth (powder); t) magnesium
carbonate; 7) cotton fiber; 8) slag wool; 9).asbestos fiber; 10) cork.

To reduce radiant heat transfer use is made of screening additions

of aluminum powder to the aerogel. However, vacuum screening insulation,

the use of which substantially reduces the thermal conductivity, parti-

1834
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III-23 t12

cularly when the reflecting layer is alternated with thin interlayers

from glass fibers, is most efficient.

Heat insulating and sound absorbing materials are used in ship-

building, motor vehicle building, in railroad transportation facili-

ties, in aircraft and rocket ccnstructton, in satellites, space vehi-

cles, heat, electric and atomic stations, etc.

References: Voprosy glubogo okhlazhdenlya [Deep Freezing Problems],

Collection of [translated] articles, edited by M.P. Malkov, Moscow,.

1961; Kaganer, M.G. and Glebova, L.I., Teploprovodnost' izolatsionnykh

materialov pod vakuumom [Thermal Conductivity of Insulating Materials

Under a Vacuum], "Kislorod" [Oxygen], No. 1, 1959; Kitaytsev, V.A.,

Tektnologiya teploizolyatsionnykh materialov [Technology of Heat Insula-

ting Materials], 2nd Edition, Moscow, 1964; Faktorovich, L.M., Teploizo-

lyatsionnyye materialy i konstruktsii [Heat Insulating Materials and

Designs], Leningrad, 1957; Izdeliya iz steklyannogo volokna (Glass Fi-

ber Products], Collection of technical specifications, Moscow, 1960.

Y.G Nabatov

Manu-
script [Transliterated Symbols]Page
No.

1824 cp = sr - sredniy - average

1824 TY = TU - tekhnicheskiya usloviya - technical specificaticns

1824 MMA = MLP = Ministerstvo legkoy promyshlennosti = Ministry
of Light Industry

1825 LTY - VTU = Vsesoyuznoye tekhnicheskoye usloviye - All-Union
technical specification

1825 MM - MKhP - Ministerstvo khimicheskoy promyshlennosti =
Ministry of the Chemical Industry

1827 MCn - MSP - Ministerstvo sredney promyshlennosti = Ministry
of Medium Industry

1835
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1827 1'OCT - GOST -Gosudarstvenriyy obshehesoyuznyy standard All-
Union State Standard

1832 . -q LP = legkaya promyshlonnostt m'light industry

1832 ILr zhot -zhguty steklyannyye teploizolyatsionnyye-
glass heat-insulating ,packing cord
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HEAT CONDUCTION - process of heat transfer in a nonuniformly

heated body, which is produced by the carrying of energy directly

through the substance by the motion of individual molecules, atoms and

electrons. (The macroscopic parts of the body remain here stationary.)

The capacity of a substance to conduct heat by heat conduction is char-

acterized by the thermal conductivity coefficient X (kcal/m-hour-de-

gree], which is the coefficient of proportionality between the thermal

flux density vector ' [kcal/hour-m2 ) at any point and the temperature

gradient vt at the same point of the body:

The term thermal flux density denotes the quantiy of heat [kcal],

carried per unit time [hour] through unit surface area [m 2 perpendicu-

lar to the direction of 7t. The minus sign takes into account the fact

that the thermal flux is always directed in the direction of decreas-

Ing temperatures. The relationship between • and vt expresses the ex-

perimental Fourier law, which comprises one of the fundamentals for

description of thermal processes.

References: Livshits, B.G., Fizicheskiye svoystva metallov is

splavov (Physical Properties of Metals and Alloys], Moscow, 1959;

Mikryukov, V.Ye., Teploprovodnost' i elektroprovodnost' metallov is

splavov [Thermal and Electric Conductivity of Metals and Alloys], Mos-

cow, 1959; Rink, Teploprovodnost' [Heat Conduction], In the collection

Tekhnika vysokikh temperatur (High-Temperature Techniques], under the

general editorship of I.E. Campbell. Translated from English, Moscow,

1959; Kudryavtsve, Ye.V., Chakalev, K. N. and Shumakov, N.V., Nestats-
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ionarnyy teploobmen [Unsteady Heat Transferl, Moscow, 1961; Kutateladze,

8.S., Osnovy teori. teploobmena (Fundamentals of the Heat Transfer

Theory], Moscow-Leningrad, 1957; Teplotekhnicheskiy spravochnik [Heat

Engineering Handbook], Vol. 1, Moscow-Leningrad, 1957.

B.G. Livshits, A.A. Yudin
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HEAT INSULATION CERAMICS - are ceramic refractory materials des-

tined for heat insulation at nornal, elevated (to 1300-1500"), and high

(to 1750-1800") temperatures depending on the used raw material and the

refractoriness. Heat insulation ceramics are characterized by an arti-

ficially increased porosity and by a low coefficient of the heat con-

ductivity. Heat insulation ceramics are used Jji building and in refrig-

eration engineering; they are produced either by firing of natural low-

melting clays to the state of swelling (ceramsite), or by artificial

swelling and subsequent firing (foamed keralit). The weight by volume

of heat insulation ceramics is 0.27-1.3 g/cm3 , the ultimate compression

-trength is from 77 to 140 kg/cm 2, the heat conductivity from 0.08 to

0.8 kcai/n-hr" C. Porous refractories are used for the heat insulation

of heat-engine assa-mblies. According to tha production method, they are

subdivided into foamed light-weight refractories and ligsit-weight re-

fractories with combustible admixcures. The designation (fireclay, kao-

lin, dinas, etc., refractories) depends on the raw material, and the

porosity on the production method. Foamed light-weight refractories

have a honeycomb structure with closed pores, a low gas-permeability and

a high porosity. The physicomechanWcal propertic of the main types of

light-weight refractories are quoted in Table 1.

Porous light-weight products from pure oxides, carbides and other

materials are used for insulation at high temperatures (the properties

of these materials ore listed in Table 2).

1839
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H{EAT RESISTANCE (resistance to heatin)- resistance of a material

to the effect of heat. Usually the heat resistance of a material is

evaluated on the basis of the temperature at which it undergoes vari-

ous chemical and pnysica] transformations (formation of gaseous and li-

quid products, cha.nge in color, etc.). Heat resistance determines the

upper te.m.perature limit of the servIce capababilities of the material.

The heat resistance of polymers is evaluated on the basis of the temper-

ature at which they begin to perceptibly decompose, on the basis of the

deccmpos'A.tion. products and the kinetics of the process.
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HEAT RESISTANCE - the ability of a material to resist creep and

destruction at high te:aperatures. Heat resistant materials must have a

high long-life strength and resistance to creep; in many cases they

must strongly resist mechanical fatigue, and, when used at changing

temperature8, thermal fatigue also. The heat resistance may be combined

with high Values of intprnal friction of the material when resonance

conditions are. present. Resistance to oxidation, to corrosion and to

wear are in many cases very significant factors characterizing the

operating reliability at hig~h temperatures. The temperature level of

the heat resistance is mainly defined by the strength of the interatomi

cohesion and the melting point of the material. Within a selected sys-

....temr, the structure of'the alloy plays a decisive part.

S.I. Kishkina-R&tner
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HEAT RESISTANCE OF ALLOYS - is the increased resistance of metal

alloys to chemical reaction with air and other gases at high tempera-

tures. The heat resistance is caused by the formation of a tight film

of oxides (or other compounds) on the surface of the alloy, which ad-

heres well to the metal and manifests a high resistance to the diffu-

sion of active gases into the metal. Besides the basic metal, the com-

ponents of the alloy can take part in the formation of the protective

film, improving or impairing its protecting properties. The composition

of the film and its structure may change depending on the temperature

and the holding time at a given temperature.

The mechanical density of the oxide film is defined by the propor-

tion of the molecular volume of the oxide to the volume of the equiva-

lent quantity of metal atoms; the proportion must be equal to or great-

er than unit: !dl , where M and D are the molecular weight and the

density of the oxide, and m and d that of the metal. The resistance to

diffusion through the oxide depends directly on its high-melting char-

acteristic and also on the perfection of its crystal structure (the

presence of defects facilitates the diffusion).

The rate of the oxidation through a tight film depends on the dif-

fusion of the reacting components and decreases with increasing thick-

ness of the oxide following a parabolic law: pag-t , where P is the

degree of oxidation which can be characterized by the depth of the oxi-

dation, the quantity of absorbed oxygen, or the quantity of formed

oxides; it is determined by the increase or the lose in weight after

the cinder has been removed, and is expressed in g/cm2 or gn 2 ; • is

1843
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the constant of the oxidation rate, depending on material and tempera-

ture; t is the time; the exponent _n is greater than unit and depends on

the diffusion penetrability of the oxide. In reality, this function has

a more complex nature owing to the scaling of the cinder, which occurs

from time to time due to the difference In the specific volume of the

metal and oxide, being favorized also by the temperature changes inevi-

table during operation. Hence, for safety, n is often taken as equal to

unit, and the mean oxidation rate is expressed in g/m. hr.

Practice has shown that materials with high heat resistance are

characterized by an increase in weight cf not more than 0.5 g/m2-hr

within a test of 100 hours (e.g., Nichrome 80-20 at a temperature of

1100*). Materials with a sufficient heat resistance are characterized

by an increase in weight of 0.1-1.0 g/m2 .hr (e.g., 1Khl8N9T stainless

steel at 950*). An increase in weight of more than 1 g/m2 hr indicates

generally a low heat resistance.

The cindering process may be accelerated by the destruction of the

low-plastic protective film when stresses causing deformation occur. In

Table 1, the dependence of the degree of oxidation on the extent of the

deformation and on the temperature in a 100 hours test is given for

Nichrome 80-20 as an example.

TABLE 1
Function of the Degree of
Oxidation of Nichrome

•2 *arnm.wm %. i *uj.

Teun-p. | )cUopeHNu. oIsmJalne

(g) I ... .... U@ I.$m A-

ION. 5H. we*" so 104-209
10 I " . I 10-100

129o 4 20-40

1) Test temperature (*C);
2) elongation (in %) caus-
Ing an accelerate oxidation;
3) first symptoms of oxida-
tion; 4) through oxidation
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of a 1.5 mm thick speci-
men; 5) not less than.

A classification of the principal heat resistant alloys is given

in Table 2.

TABLE 2
Classification of the PrincipaL Heat Resistant Alloys,
Tensile Strength and Chieacteristic Grades

2a Os to &a awe *0ep•eryurf "
Pon. U's-PwV. P-PSI-

U,. xapoe"Abwof*t? at. *O* *

t.-pp a l) Iu rm S O M & P o o *' -2S.. . ..... . . . . .~ _ _ _

•..,I 3 •3_,,,,,,""-.,-a._ I ."'d".-"•
CiAt 13 13 0ue60.12W ml5 X7ISI

Ct.AIS we To we gum "M of : Vol 1 2II 15A6'

h i~j.•6 [17 irse a.. ini.j ,...,.I 1h "i5mVIZS1r,

m•l,".oeI..- Deu m .-oso r•s-m .-e L xz4xse.

X ... 1 . r um aqc"we- I2 1

- a . . .... . - 1 .. . .

CtE-I4 I I I
U'~ __ __ _ ...... ..... )

- I 2 2- II II8 0" l? .11111

T. -
T. IL I 3". -' I I 1 T.2

*OTsK - body-centered cube; GTsK - face-centered cube.SAuctenite + ferrite structure. i
1) Base metal; 2) alloyin2; 3) elements; 2) effect;

5) crystalline structure; 6) heat resistance [tempe -
ture at which the oxidation rate is less than 1 g/m•'hr

S(determined by increase in weight)]; 7) ab (kgj/ix 2 ); 8)
characteristic grades of steels end alloys ;9) inc reasein heat resistance; 10) OTsK (rerrite); 1) high up to a
temperature of 900-1100+,depezdn on the chrorium con-
tent; 12)mKhl;, 25, Kh2a, o i-h23)ANele 13 the same; 14)
high up to a temperature of reis-1250, dependiilg on
the alloying; 15)Khl~3Yu4, Kh1.7Yu5, Xhl8SYu, OKhl7Yu5,(detyu5, 1Kn25Yu5, O'25Yu5; 16) increase in heat re-
sistance and heat proof1ess; 17) GTsK (austenite); 18)
high up to a tem perature of 900-1050', depending on

the alloying; 19) Kh19N9, Khl8NqT, Kh18N12T, Mh23NI8,
M23N13, IKh21N5T**; 20) Kh2ONI4s2**e; K25N2WU6

1Khl8N25S2; 21) Kh25N16Q7AR, KhN38VT, EP126; 22• GtsK
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IL. Ye. L'vovskiy -
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HEAT REISTANCE OF PLASTICS ACCORDING TO SCHMMH - is the ability

of a plastic specimen to resist for 3 minutes the contact of a Slit

rod heated to 950. The dimensions (in mm) of the specimen are: length

120±0.2; width 15±0.2; thickness 3±0.2, and those of the Silit rod are:

length 17012, and diameter 7.7±0.1. The heat resistance of the specimen

is characterized by the product of the burnt length of the specimen (in

cm) and the loss in weight (in mg) and is expressed by the heat resist-

ance number (see Table).

3 s e its .... o*

19 0006-, 000.. .t0 oo-- 000 . .....

4too.-IsSii e, M~tmSI O .. .

1) Product of mg and
cm; 2) heat resistance
number; 3) more than;
4) less than.

M.S. Krol'
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HIAT-.ISTANT ALUINUM SHAPING ALLOYS - alloys distinguished by

high strength characteristics, particularly fatigue strength and creep,

at elevated temperatures. The heat-resistant aluminum shaping alloys

include D16, D19, M40, VADI, and VD17 in the Al-Cu-Mg system; AK2, AKA

and AK1-l in the Al-Cu-Mg-Fe-Ni system; alloys D20 and VAD23 in the Al-

Cu-Mn system; SAP-1 and SAP-2 in the Al-A12 03 system. Fo.. alloys D16,

M40, D19 and VADI, see Medium-strength aluminum shaping alloys; for

alloys M40 and D20, see Welding aluminum shaping alloys; concerning al-

loys AK2, AK4,, AK4-1 and VD17, see Aluminum forging alloys; for SAP-l

and SAP-2, see Sintered aluminum powder.

Alloy VAD23 possesses the highest strength characteristics at room

and elevated (to 160-1800) temperatures, as well as in high-temperature

holding for thousands of hours. However, it requires certain structural

and technological measures because of its notch sensitivity under al-

ternating load and its lower plasticity in the artificially aged state.

At room temperature, alloy V95 has strength characteristics approaching

those of VAD23, but it weakens rapidly above 100-120°.

Alloy D20 has relatively high strength characteristics at 200-3000

and during long-term soaking. Below 160-180%, alloys D16, VD17, D19,

M40 and VAD1 have lower strength characteristics than alloy VAD23, but

they are less sensitive to notching under alternating load and more

* adaptable to production. Alloys D20, M40 and VADl are welded by argon-

shielded arc. Alloys AK2, AK4 and AK4-1 are characterized by property

isotropy and good hardenability; these alloys have high hot plasticity

and high fatigue strength up to 200'.

18-48
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Of all the heat-resistant aluminum shaping alloys, SAP-1 and SAP-2

have the highest strength characteristics at 300-500, ever when held

at those temperatures for tens of thousands of hours. High corrosion

resistance is characteristic for these alloys. The comparative mechani-

cal properties, from tensile tests on sheets of several aluminum shap-

ing alloys at elevated temperatures, together with comparative data on

the fatigue strengths, are presented in Tables I and 2.

Alloys D20 and VAD23 differ from the othe. heat-resistant aluminum

shaping alloys in that they do not contain as an alloying element. This

gives them certain specific properties. They have a high hardening ef-

. fect in tempering, undergo virtually no property changes during storage

at room temperature (there is no natural aging effect), and alloy VAD23

is strengthened sharply as a result of artificial aging. As a result,

alloys Y20 and VAD23 are conveniently used In structures in the artifi-

cially aged state. In this state, however, these alloys, and VAD23 in

particular, have low plasticity. Artificially aged VAD23 alloy can be

subjected to only a few technological operations. In the tempered (na-

turally aged state), irrespective of time after tempering, and even

more so in the annealed state, alloys D20 and VAD23 admit of complex

tcchnological deformation. Units must be r voted up from alloy VAD23 in

the tempered (naturally aged) state of the VAD23 wire. Then the entire

unit Is given artificial aging. Alloys D20 and VAD23 may also be tem-

pered in hot (boiling) water without loss of properties.Tempering in

hot water makes it possible to deduce the Intenal stresses in the

pieces and eliminate warpage during machining. Neither of the

alloys has a tendency to corrode under stress in any of the semifin-

ished forms or any of the heat-treatment states. in this respect they

differ from alloy V95 (and other zinc-containing alloys) and from al-

loys D16 and AKS, which are sensitive to corrosion under stress in cer-

1849-



tain semifinished forms and certain heat-treatment states (see High-

strength aluminum shaping alloys). However, alloys D20 and VAD23 have .

somewhat lower general corrosion resistance (as a result of their com-

paratively high copper contents). Bath and etching conditions for al-

loys D20 and VAD23 are selected to ensure a rapid process and a good

surface state after precision etching.

Alloys D20 and VAD23 show high property

stability at elevated temperatures and during

"prolonged holding at these temperatures; this

am -- - - - -! accounts for their importance as heat-resis-

Aftee.-,e, 4~,tant aluminum shaping alloys. At room temper-

Fig. 1. Creep curves ature, the strength charcteristics c VAM3
or P20 alloy at 200*.
A Test t8imeinhours; semifinished products are higher than those
Bo - 8 kg/nm.4

of alloy V95 but somewhat lower than those of

alloy Vn.6. The strength of VAD23 alloy at 175" after 100 hours of hold-

ing is somewhat lower than the strength of Dl at room temperature. The

specific gravity of VAD23 alloy is 6% lower than that of alloy V96,

while its elastic modulus is markedly (&-7%) higher than thoce of all

other aluminum alloys. All of these characteristics of alloy VAD23 ren-

der It a promising mat rial. Large, hollow and flat Ingots of practic-

ally any dimensions ar• cast from It, and semifinished products of the

standard dimensions art extruded, rolled and forged from it. The

strength under repeatec static loading at room and elevated tempera-

tures is higher for VA 23 than for V95 and somewhat than for D16 alloy.

The same measures (structural and technological) sbould be taken In

using VAD23 alloy to eliminate stress concentrato-..s as in the case of

V95 alloy. The properties of alloys D20 and VAD23 are given in Tables

3-9 and Figs. 1-7.

The corrosion reslstance of D20 and VAD23 semifinished products is
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Ilevated-temperature Tenal•ie Properties of sheets or Certain Sha4ptin
Alloys

.±..,.--.______-___- . *-+ ,, . , " '. r .. * ', . ...-T •, . , : . 9

.4 .......... ii !.I....i..I

,, * -:.:I,. ,.": r, : 99 •, . .. .* Ito so tt

I? , 9.9 *+ I7 to It I 1 • 1
to 9I "9 " " tI: $ ,, aL, I

t" o I I s, *. t.o. . :2 .,

"t:_ I "I ' " " " I GoI I Is' ' -It,
". * .~ 9 . .. .. ,,, . , 99 9* ,.'I*. *, * ',-

V.. to Eis toE JE E E
- -. . . . ..**~~* I- I -__ _ 9 ' :-: ,• t +

A) Temperature (;C); B) holding ti•e (hours); C) V915; D) kg/ws'; I)D16T; 7) D19T; 0) VAD23; H) A,.4-1; I) D20; J) SAP- ;K) at.

TABLE 2
P-tigue Limit of S eets of Certain Alua-
In.m Alloys (kS/AnD)

t 1 I":. j

"9 9 9 9 29 I " I 9 - -I -+, 9 9 ,,' 9
II I I 4I I 99':,

- 9 S ' I 99"9 9 +l l t ~ -j e 999. l II 98 I2 I

*The fatLgue limit of SAP-i Is.given
for rods at temperatures of 350 (1)
and 500" (2).

A) Test temoerature (*C) P) test time (hours); C) alloy; D) D16T; E)V95T; F)Di9T; G) D20; H) VAD23; I) SAP-1.
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Fig. 2. Creep curves
of D20 alloy at 250*.
A) kg/mm?; B) test
time In hours.

St

Fig. 5. Stress-strain dia-
, -. grams to yield-point of

•a VAD23 alloy at room and
, .,elevated temperatures. A)

Fig. 3. Creep curves of satisfactory. Alloy D20 exhibits high plas-
D20 ajloy at 300". A)
kg/mm; B) test time in ticity in the hot state. The forging and
hours.

stamping temperature is 400-460*. Heat-treat-

ment conditions: heating: temperature for

quenching 535 + 50; artificial aging at 165-

0. 1 175* for 10-16 hours (for parts working

" ,,' - short-term) and for 12 hours at 200-2200

&"i 4ý.,WVU.in,"a W (for parts working long-term). Alloy D20 may

be used to fabricate forgings and stampings
Fig. 4. Creep curves
of D20 alloy at 350". of complex shape, rolled sheets and extruded
A) kg/mmL; B) test
time in hours. semieinished products. It is used in loaded

and welded-up structures operating at 200-

300*. Alloy VAD23 is quenched from 525" + 5* and artificially aged at

170-1800 for 16-12 hours. It is used to fabricate all forms of semi-

finished products - sheets, plates, forgings, stampings, extruded pro-

ducts and wire. Alloy VAD23 is used for heavily stressed structures

1852
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TABLE 3
Mechanical Properties of D20 and VAD23
Alloys According to TU (no less than)

Came. l tii i * 8 i~p P? 1 t l tu " ' ' '
,D iww- ý-4

BN y" nl.i sD "Sign--e (no

AE .'n~tu naafiut•,..,- 3%Idas!u.. i t.o a-

.pcvtm IRROPW"aw.- 30a"A"Wu e . .iL ., 20 - Is

S J eWecovaunme mpv- 3aul•.uane u Iee-
me eirmuuo tq'vapeo-nM@............. I *
K~~~ •pe',wq. n, w Rwuqe ' I~. ......

K Onpfteima"W Piro- o 3o 01CRo RM € Ne4 n•oe-

"uefe Pr*,e e) owe ......... 32 24 3
L nwCOO2%%w• Rim 36WrOROWWleO a Iweffw

-M (lpO•t•o2 i,,a . , Clfu@o COO~8P"W-
Ranwl~we'we a.,- P OW......... . .. 6 Is

bAt:s+:3 flpe e, u go&e 5*?- 3e4W*'~Imule V I~wP-
M [ 0 P• o.* ? e,,NoN COISOt -4 4

NM ......... . -. . ... 4- S0-0 6

A) Alloy; B) form of semifinifhed product; C) state of material; D)
kg/mm ; E) D20; F) clad sheets, all thicknesses; 0) tempered and arti-
ficially aged; H) tempered; I) annealed; J) extruded rods; K) extruded
shapes (longitudinal direction); L) extruded panels (longitudinal and
transverse directions; M) VAD23; N) extruded semifinished products; 0)
clad sheets.

TABLE 4
Typical Mechanical Properties of D20 and VAD23
Alloys at 20"

Cast" us no0375.- Coe"*-. f *Ji
A 1 ( D (g.,.') ,

A20 npeeeomawwn, Uwaxeare w u Jnoae~pume- I .mycv. I,,
I'm OPSeo 7:00:700 0.33 40 205 40 II 2 20 TG o0ou.u J i"Tew -- -- --- ---- 1--- --
.. iuw, L # Towt ,, O - - -.4a. 0 to 1

BAA2 ft "we To we 7600 2900 0.35 44 54 601 5t 30 1 .. *

Iwcw "- am-o, ' To w" -t -- - 50 5 " S _ _ '
of?0.S 10 no) I

*Seeicircular notch; ak - 2.0.
**Semicircular notch; ak - 2.2. 2

A) Alloy; B) form of semifinished product; C) state;D) kg/mm. E) a .

FT er; 0) D20; H) extruded semifinished products; I) tempering andpts
artificial aging; J) forgin s; K) same; L) sheets; M) VAD23; N) extrud-
ed semifinished products; 0) sheets from 0.8 to 5 mm thick.
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TABLE 5
Mechanical Properties of Semifinished Pro-
ducts Extruded from D20 Alloy at Low and
Elevated Temperatures

-7 , I -"1 I- I I I| I IIIII_29 69, I 1 4;9.,: , ,,
t * I~ III i I Is i I ii . ll

lo I 110 6 Ii *o

43o *TO. t a It I I 14ii! ~~ %! I is I
14 to

A) Test temperature ('C); B) apts; C) kg//mm2n. pt

TABLE 6
Fatigue and Creep Limits for Extruded D20ý
Alloy Strips*

m ii n I B:,o ~ ~ ~ ~ ~ n ,,.e ,,.o 46o,. ,. , ,."10 1  0 o%* two ,., #.w Was

So0 to's:@ 6. 17.2 17?.8 - 2 1.
:s1 :9 : 1 t. : 112. 1 11.1, 11.0 It.9 1 7.1

276 110 1.1 1. 10.9 9.0 9.9 1 6.

so , .6.1 14 7.4 0.6 j .
320 7.6 7.2 0.0 6. 11. 1. 6.4 4.

3H .1 4.2 ~, . 0 2.8 l

*In kg/mm2 .

A) Test temperature (*C); B) from residual
deformat ion.

TABLE 7
Endurance and Creep
Limits of Extruded
VAD23 Alloy Rods

P I op.j*J0
,,,:~o+.0.. ISO II ',f

$12.51

1) State of Material; 2) test temperature ('C); 3) (kg/= 2); 4) tem-
pered and artificially aged.
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4a

* - ar-_ -- =J -

I 4"M q.

Fig. 6. Creep curves Fig. 7. Creep curves
of VAD23 alloy at 18%; of VAD23 alloy at 250/
(extruded rodl).21) Time, (extruded rod). 1)
hours; 2) kg/mm 'ime, hours; 2) kg/mm2 .

TABLE 8
Physical Properties of D20 1-4 VAD23 Alloys

CMI2(W A CIi) ( A'f" l (*Al ':. 1 a C•)

A26 I~ €.*0-( 1 0 0) t (1") *.lilt -I so. 341--400"1 0I (0 "

0 48 11 f0 
41l

MAU 4 (N b-)IoW ) ::28 (104.0@ft1(512),Z*~
C41 ( e 1 2 'e. ) 300-

- !. ___o- __o J') 0.10 (190') [ .l(s'

3g.e~fo0-9@0o 0.20(000') Il~O'

20.tOO-00,-l•° 0.2e (tO) lII(t)2., 2 (U0-- 200')

-2.84 g/cin3
y 2.72 C/cm3.

1) Alloy; 2) X)(cal/=i secg)C);*3) P (Ohms-riim2An).;
4 c (cal/g. C 5) • 2*; 6)VAD23*.

working short- or long-term at temperatures up to 160-180*. VAD23-alloy

rivets are used. When a'tificially aged material is being riveted, riv-

ets made from D19 alloy are recommended.

Alloy D16 is recommended for stressed structures working below

180-2000, and alloys D19, VADI and M40 for loaded structures, including

welded-up types, operating at elevated temperatures up to 250*. Alloys

AK2, AKM and AK4-.I are used for forged and stamped parts to work at

elevated temperatures up to 250". AK4-1 alloy sheet can be used effi-

ciently with prolonged holding times up to 200% SAP-l .and SAP-2 are

used In structures working at 300-500%.
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TABLI 9
Mechanical Properties ,
of Utruded VA23 Al-
loy Rods at Elevated.
Temperatures*

-1"..,-

S**• .. •e -• - "C (we MAI•

• * t I ti I, A"

" ,'" I A I 3 I . . . . . .. . " "

,me.* j 8t , +' 41,4 , st I

• II 0,It i tll 4 _

-H I II I.

*At X9: a% 65 kg/

-61 kg/ 2 .
6
Al Test temperature (0;
B heatin time (hours);C(kg/mm

References: Romanova, O.A. Novyyzharoprochnyy deformiruyemyy al-

yuminlyevyy splay D20 [The New D20 Heat-Resistant Aluminum Shapin$ Al-

loy], Moscow, 1958; Archakova, Z.N., Romanova, O.A., Pridlyander,'I.N.,

Issledovaniye splavov sistemy Al-Cu-Li-Cd-Mn pri komnatnoy i povyshenn-

ykh temperaturakh [Investigation of Alloys of the Al-Cu-Li-Cd-Mn System

at Room and Elevated Temperatures], "IAN SSSR. OTN. Metallurgiya I top-

ltvo," (Bulletin of the USSR Academy of Sciences, Technical Sciences

Section, Metallurgy and Fuel], 1960, No. 4; -- mekhanicheskiye evoy-

stva teploprochnykh alyuminiyevykh splavov s litiyem I kadmiyem [Mech-

anical Properties of Heat-Resistant Aluminum Alloys with Lithium and

Cadmium], Tbid., 1962. No. "4.

I.N. Fridlyander, T..K. Ponarlina
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MEAT-RESISTAN1  CA-T IRON- is a ca:t . t

decreasez only in.itn1ficantly at ritinw temz . , . WT.

long service of the cast iron at hil,71"er te: , ,, a ,. ;.,, t'. •.
suf ficilent chemical .stabillt-; • ;:•::

high temperatures and ag-rc::',' z•i 'i.,. . .

tingo and other objects--o, :,- aI. .. m- ..

heat -resistant caZt iron.

The strength of ca3t iron at . ,. ,-

not only by the results of creep,,.; an'. , ,' -'

steel and nonferrous metals, but al-,o Ly ti.• e or-:. c:' .

inf. tezts at elevated tenperatures; tý,e ',edix, T,.-, tr .t .y, .

cf deflection of 10° i.- defined a.: a c!:arac~ r. . .

tahce of cast iron. Tle tenrxile ctren.-th .. - -. '-:-'".-

.ificantly at temperature.- up tG CC 0 , •t , -" ,', .. ,-....

ever, above 50C"CO (Fin. 1). The h"--t',-. .. .

graphite (Zee ca:t h ta. a

creeping strenrth than Cray iron anrt1 maI!haV :.=

Hich-alloy iron 7radez with le .. ,. i. t -

Ni-Res-zt:, Silals, and Nicrozilal. (,;ee Ccvi.'- ,- . .

Allo.'d cast iron) pcssess a higher heat-rez! ta.c, ' -;

bending strength (Fig. 2) and a hither creepn;- :tren-t • .

the ncnalloyed and low-alloy cast iron grades. T,'catf-- n ? •,.-e r'

irons with magnesium in order to form spheroidal 7arahit,i i:; ti elri

structure, further increases their heat resistance: this `.-at re:i.:-

tance can also be increased by addition of 1% Mo. The Ieraica V.'

:7] 1853
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perties of heat resistant cast iron are quoted in the Tables 1-4.

•

Al

Fig. 1. Deformation vs. tensile strength curves of the short-time ten-
sile tests of gray iron containing 2.9% C, 1.75% Si, and 1.15% NI: 1)
Test at 20', fracture at 29.2 kg/=m2 ; 2) test at 230 , fracture at 27.2
kg/mm`; 3) test at 400', fracture at 28.8 kg/mm2 ; 4) test at 5400, frac-
ture at 18.6 kg/mm2 . A) O, kg/mm; B) deformation, mm/mm.

A -

ga lt I'

B w

Fig. 2. Bending of cast iron and steel at 850': 1) Steel; 21 cray iron;
3) high-phosphorus cast iron; 4) silicon cast iron, Silal (6.62% Si);
5) austenitic cast iron, Ni-Resist; 6) hlgh-silicon cast iron (13.77%
Si). A) Deflection, mm; B) stress, kg/mm.

A93
Ii

Fig. 3. Creeping strength of cast irons of different chemical composi-
tion: 1) Black cast iron; 2) low-alloy chrome-nickel iron; 3) Silal

O.Silj 1)N oia' 5) Ni-Resist: al at 538*; b) at 450'; C) at
7 as m• ;VT) creeping rate, ; per hour.
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TABLE 1
Strength of Different Cant
Iron Grades at Short-Ticie
and Long-Time (4000 hours)
Tensile Tests

Woe, No.p.u

42

CQ~u MO~U~tWM2

1) Cast iron- 2) Ob at short-time tests (kg/imm2) 3) 0 at lcnC-time
tests (kg/mm ); 4) gray, mdified; 5) malleable; 6) pekrlite-ferriti-:,;
7) ferritc;, high-strengoth (magnesium-alloy).

TABLE 2
Creeping Strength of Gray
and High-Strength (Magne-
sium-Alloy),iron at 4000

spells _ _ __ _*Iry O -W.j
(Mafil'wmeu) 9:lflJ 67 j 92,6 17.S

.)Cast iron; 2)tmýh) )stress (kg,/mm 2) at which the following"deformation was obtained; gray; 5) high-strength (magnesium-allcy.

i.86.o



TABLE 3
Comparison of the Creep-
ing Rates and Creeping
Strength of Malleable andHig -Strength Cast Irons
at P250

2 it,

Ras' 5 I6, IN , ISIN .1...
owe) teppe Nt 6 , 0' i . 1

0 ., 1.46
Roe.) nmpa?.4rrw p - 1 , I t a ,S * .

*~g j 65 .S 0.64
-~3 ,wuwi 7 

i3Iw@iponqmrjg (mar,,.. I 6., '.Iu) ~ 8 I6.1 0,15 ?.

1 Cast iron; 2) stress (kg/mm2 ); 3) creeping rate (0.•00001% per hr)
~) c e e p n g t r e g t h a t d e o r m t .. r a t e, o f ' . 0u 0 0 0 1 % p e r h r ( k g / m m 2 ) ;5) malleable, pearlite-ferritic; 6) malleable ferritic; 7) highstrength (magnesium-alloy) pearlitic; 8) high-strength (magnesium-al-1oy) ferritic.
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Heat Resistance of.High-
Alloy Iron Grades (Ni-Re-
slats) with Spheroidal
Graphite

1 2 "*

4. MAN

20 "1 Mrs..'

2E cf 2% m. IO -

2N . 20 4.1.1065 1 U.
2 Ci.. 40~ 24. I ".~

No O~i 27.0 froAI''"

.10 %l 1.0 :,

20 ,i. I 0 3 0 20.
300 N1, 20.0 5S

I o t 65 03 , 20.5 125 51

3 0 N o 2 10 2 . .

705 4--. 4.5 I

1~ Chemical composition of the cast iron (%;2) test temperature (OC);
Bshort-time tests; 4) endurance (1000 hours); 5) creepin- strength

(at 0.00001% per hour); 6) kg/mm2.

References: Hall, A.M., Nikelt v chugune i stall [Nickel in Cast

Iron and Steel), translated from English, Moscow, 1959; Girshovich,

N.G., Sostav, i svoystva chugna [Composition and Properti es of Cast

Iron], in the book: Spravochnik po chugunnomu lit'yu [Handbook on Iron

Casting], 2n~d Edition, Moscow-Leningrad, 1960; Dovgalevskiy, Ya.M.,

Otlivki iz chugunov s osobymi fizicheskimi1 svoystvami [Iron Castings

with Special Physical Properties), in the book: Spravochnik po mashin-

ostroitel'nym materialam. (Handbook on Machine-Building Materials], Vol.

3, Moscow, 1959; Everest, A.B., Nickel,, 0.,, "Foundry Trade J.," 1960,
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Vol. 108, No. 2264, Pages 515-522; Grilli-at,. J, and P .o .rot, R.0 "Pon-derle" [Casting], 1960, No. 178, pages 449-461; Towers, I.A., "BCJRA

Journal," 1960, Vol. 8, No. 3, pages 422-424.

A.A. simkin
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HEAT RESISTANT LACQUER AND PAINT COATINGS are coatinf:> which are

capable of withstanding the action of temperature above 1000 for a

definite time without noticeable deterioration of the phyoi-al-mechani-

cal and anticorrosion properties or of the external appearance. The

heat resistance of the coating depends on the nature of the film-form-

ing agent, the pigments and the fillers. The majority of the polymers,

with heating in the presence of atmospheric oxygen, are subject tc

thermo-oxidative destruction, as a result of which two processes occur:

decomposition of the polymer molecules with the formation of molecules

of smaller size (products of oxidation and splitting of the polymer)

and structuring - the formation of molecules of three-dimensional

S....... structure. These processes cause deterioration of the properties of the

heat-resistant coatings. Depending on the nature of the film-forming

agent the coatings may stand up for long periods under the following

conditions (approximately): nitrocellulosic and perchlorvinyl coatings

at 80-900, ethyl cellulosic at 100, alkyd using drying oils at 120-

1500, alkyd using semidrying oils at 2000, phenol-butyric, polyacrylic

and polystyrene at 2000, epoxy at 230-250°, polyvinyl butyralic at 250-

2800, bitumen-butyric-resinous at 200, polysilicone, depending on the

resin type, at 350-400-5500. As pigments in the heat resistant enamels,

use is made of carbon black (to 3500), titanium white, green chromium

oxide, strontium chrome, cadmium and cobalt compounds, zinr dust,

aluminum powder and stainless steel powder. The fillers are mica, talc

and asbestos. The preparation of the surface of the metal to be painted

has a considerable effect -n the heat resistance of the coatings. The

1864
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roughness, the presence of oxide, oxide-phosphate, oxide-chrocate films

provides for better adhesion of the coating, which is particularly im-

portant for the use of the siloxane enamels. The following are used for

the preparation of the surface: dry sand blast cleaning (average rough-

ness 14 microns), and hydro sand blast cleaning (roughness 9-10 mi-

crons) in combination with suosequent phosphatization or passivation.

The method of preparation of the surface is det:rmined by the form of

the metal, the construction or type of detail being painted, the opera-

ting temperature and the form of the lacquer/paint material. For exam-

ple, steel details fabricated from the low-alloy steels of the S-10,

S-45, ZOKhGSA types and others which are used at temp'eratures tc 400*

are subjected to hydro sandblasting cleaning with subsequent treatment

in a zinc phosphate bath. Good results are obtained by treating with

iron grit or by oxide phosphatization. Steels of the SN-2, EI-654,

IKhl8N9T and other types are subjected to hydro sandblajt treatment

with subsequent passivation or etching with passivation. Steel articles

which are heated during operation above 4000 are subjected to hydro

sandblast treatment with subsequent passivation. The aluminum alloys

are usually anodized in a sulfuric acid bath (thickness of the oxide

film is 5-8 microns). The magnesitun alloys are chemically oxidized

(thickness of the oxide film 2-3 microns) or anodized in an alkaline

bath (thickness of film 10-15 microns).

The heat resistant lacquer/paint coatings are applied in 2-3 lay-

ers. The priming coat must contain a passivating pigment, particularly

for the aluminum and magnesium alloys. The following coatings are used:

alkyd, epoxy, bitimen-butyric-resinous, polyvinyl butyralic and poly-

siloxane.

Satisfactory protection of articles from the action of tempera-

tures above 200* over long periods is provided by the heat-resistant
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coatings based on pentone, the pol-yGarbvr3teý;, therui-nan.;

and silicone polymerz, modified by certain other' polyrreŽr;.

References: DrInberg; A.Ya., Gurevich Yc.ý;,., Mihurnircv A.V.,, Tekh-

nol~ilya nemetallicheskikh pokrytiy [.Tech~nolcty of nmtliC'-

Irigs), L., 1957; Lyubirnuv !B.V., SpetsialInyye "ak kraý;(chn~yye v'yiy

v mashinostroyenii ,S-pecial La2cquer an~d Faint C .ir;In Machir.e Con-

struction],, M.-L., 1959; Origanic Pro~tective Cc(ifcl.~tatcr

transi. from Eng.,, M.-L., 1955*.

V.V. C!hcbotarev.kly
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HEA~T RESISTANT TITAN'IL".4 SHAPIJG ALLOYS -alloys with an ultimate

strength of not less than 75-80 kg/= 2 at a temperature of 400% which

are subjected to hoý shaping,, i.e.,, forging,, stamping, pressureworking,

etc. Are dist inguished by an elevated ultimate and satisfactory creep

strength at temperatures up to 450-550* and also by their high corro-.

s I on. resistance. Among heat resistant titanium shaping alloys are the

VT3-l, VT8 and VI'9 alloys. For the chemical comiposition see the arti-

cle Titanium alloys. Heat resistant, titanium shaping alloys are used

for making semifinished products, i.e.,, forgings,, stamplngs,, bar stock,,

etc,. Square and round cross section forgtngs and stampings a produced

(AMTU 366-62) with a side (diameter) from 30 to 250 mm, as well as

pressed bar stock (AMTU 487-62) with a square side (diameter) form 15

to 200 mm and rolled bar stock (AMTU 451-59) with a square side (diame-

t er) from -10 to 60 mm. The mechanical properties of the forgins and

stampings in the annealed state are given in Table 1.

TABLE 1
Mechanical ProDerties of Forgins and Stampings from
Heat R~esistant Titanium Shaping Alloys

Cus1 2 1 ~(om *

A'41Y~6R. I- 3

IT;. :7:.::_: ____ ___ ___ ___ ____so_

1-) Alloy 2) TUl; 3) (kg/m) (kgm/cm2) 5) (dot, mm); 6) not more
than; .7) VT; 8.) )A41Y? ot

The mechanical properties of rolled and pressed bar stock in the

azinealed state are the sane as for forgings and stampings. Typical.
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mechanical properties.of heat resistant titanium zhapin, alloys at var-

lous temperatures aru given in Tat les 2 and 3.

TABLE 2
Mechanical Properties of VT^-l WT8 and VT9 Alloys
(Bar Stock, Forgins, Stampingzj at Various Tempera-
tures

Sqtt or i, • iH i is ilf I) ký qP jf Ott i i.. (W, JWD

to -1 44~1

s.o 46 , , . ,,;•- !

"" ... .

39* so "2 &$1 40 6 I b -

*The endurance limit was determlnh'd in uniform flex-
Sure. of a rotatine- zpecimr._n for 2-107 cycles.

1) Temperature (*C);-2) gk/mm2 ); T.sr (kkg, 2 )i 4) (kgm/cm2 )

TABLE
Creep Resistance (on the
Basis of 0.2% Residual De-..formatior) and Creep
Strength* of the VTI-l, VTi
and V'r9 Alloys (Bar Stock,

... Stamping- and Forgiras)

HTI
- -I I I i1 - I 4' .•'I e
-,, - " 7 ZA - IS - 61

*The 1000 hour creep strength
for the YT3-1 alloy ccnprises

• 70 kg/mm at 2000. 65 kg/mm2

.at 3Q0 0 ;,55 at 400,
50 kgI1m at I 5 0 and 27 kg/
./r2 at 5000.

1) Temperature (OC); 2) VT; 1) (kg/mm2 )

.1868
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TABLE 4
Change in the Ultimate
Strength of VT3-1 and
VT8 Alloys under Load

1 2

7a 35I7 0 r]: ! .* I at .3
- ....I" . . .. .......)

TOM -? M4 7 0
lee ? 0 Wi $2

6.1 1t N4 16 IOA

1)Allo; 2T temperature (*C); 3) time held under load (seconds); 4e)

TABLE 5

Physical Properties of the VT3-1 Alloy

afunction1 of the te00 tepeat0e 100 fg=4 2)0 Ed. 07000 0

cocnrto (in tension in.0. the.2002 pr .01c of01 0.1 sharp notch1 )4 -5)

I . Il 0 .10 g III0 j... e- *' .° ° ...

WU.9('C) 4 30-100 l!-0t | M O 1H)-l 0--t I~

A) Tom emperature CC)1 2) 0X (cObme. When 3)the/.);4 tempera-uei asdt

ture interval ( C).

The moduli of elasticity of heat resistant t tanium shaping alloys asa function of the test temperature. 1) Kg/mme; 2) Ed.

Heat resistant titanitum shaping alloys are not sensitive to stress

concentration in tension in the pre~sence of a sharp notch (ck - 4.5).

At room temperature 01 -" 0.5 0b. When the temperature is raised to

500" * -1 is reduced by approximately 20%. The figure shows the temper-

ature dependence of the dynamic and static moduli of elasticity of heat

resistant titanium shaping alloys. The Poisson's ratio for these alloys

1869
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comprises 0.33-0.34. The change in the ultimate strength under short

duration loads is given in Table 4.

Heat resistant titanium shaping alloys haves a satisfactory heat

resistance. Prolonged holding (100 and more hour-) at 450-500* resultz

in a certain reduction in the plasticity characteristics. Thus, after

the VT8 alloy is held at 500* for 100 hours, # is decreased from 40

220%, ah is reduced from 4 to 3 kom/cm2, while 'I and 6 practically do

not change.

Heat resistant titanium alloys huve the following specific gravi-

ties:

Alloy VT8 VT9 VT3-I

7 4.47 4.51 4.50

The physical properties of the VT-I alloy are given in Table 5.

The thermal conductivity, specific heat and linear expansion coef-

ficient of the VT8 and VT9 alloys are close to the corresponding proper-

ties of the VT3-! alloy. The specific electrical resistivity (at 200)

of the VT8 and VT9 alloys comprises 1.61, for the VT3-1 alloy it is

1.58 oh-i 2/m, .

All the three alloys have a high corrosion resistance in the ma-

jority of aggressive media (see Titanium). The production process for

making semifinished products, i.e., forgings, stampings, bar stock,

from these alloys is as follows: heating of ingots or billets is per-

formed in ordinary electric furnaces with an air atmosphere or in muf-

fle furunaces, heated by gas, petroleum or diesel oil in a slightly oxi-

dized atmosphere (to avoid hydrogenation of the metal). The tempera-

ture range for pressureworking is 1100-850* for the VT8 alloy; 1150-9000

for the VT9 alloy and 1050-8500 for the VT3-1 alloy.

The time during which ingots or billets are kept in the furnace

when heated for forging must be limited. Billets with a diameter from
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10 to 60 mm should be kept ir. the furnace for not more than 50-60 min,

those with a diameter from 60 to 150 mm should be kept for 60-90 min,

while those with diametera from 150 to 400 mm should be held nor more

than 90-240 min. Ingots and billets with a diameter higher than 350 mm

are first heated at 800-850* to prevent the formation of cracks and

failure due to high thermal stresses. Ingots and billets with a smaller

diameter (or thickness) can also be preheated at 800-850.

Cast billets are first forged by weak impacts until the degree of

deformation reaches 20-30% and then by stronger impacts. To obtain

forged and stamped semifinished products use is made of preshaped

blanks. Intermediate heating is permitted ir the forging and stamping

processes. The optimum degree of deformation between heatings and in-

termediate heatings is 50-70%. If the production of the semifinished

products requires a smaller degree of deformation (20-25%), then the

heating (or intermediate heating) temperature must be reduced by 50-

100. For small degrees of deformation (finishing of bar stock, insig-

nificant finish stamping, straightening) the intermediate heating tem-

perature should be reduced by another 100-150".

The regimes and technology for machining (turning, milling, drill-

ing, etc.) of titanium alloys of a given group are similar to those

used in machining stainless steels.

Heat resistant titanium shaping alloys are satisfactorily welded

by resistance welding methods, and also by molten slag arcless electric

welding and submerged arc welding. Welding must be followed ty heat

treatment to restore the plasticity of the welded Joint.

The alloys of this group are heat treated (annealed) in order to

increase their post-shaping plasticity and improve the thermal stabil-

ity, i.e., the ability to retain unchanged mechanical properties under

the action of working stresses and temperatures. Double annealing: at

1871
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920* and then at 590* for 1 hour is r•c•ncnded for the Vr8 alloy.

Double annealing: at 950" and at 530 for 6 hours i• also reccomended
for the VT9 alloy. The VT3-l alloy is annealed at 570! and then at
650* for 2 hours. The heating tirace when anncalinr, the alloy:: depunds
on the component or eemifinishAd product dimen.;ions. In adlition, the
VT13-1, VT8 and VT9 allcys can he subjected to hardeninr heat treatment,
i.e., quench hardening and aging which, however, has not yet come into

industrial use (see Heat treatment of titanium alloys).
Semifinishtd products from the VT8, VTI) and VT3-l alloys are used

for making components operating at temperatures up to 4500 (the VT,-l
alloy), up to 500" (the VT8 alloy) or up to 550Q (the VT9 alloy), for
example, rotors and blades of engine compressors.

References: see at the end of article Titanium alloys.

S.G. Glazunov, V.N. Moiseyev and Yu.S. Danilov

script
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1867 TY = TU = tekhnicheskiye uslov'ya = technical specifications
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HEAT-'t .:EATABLE SPRING STEEL - steel hardenable by quenching and

tempering and having high elasticity and durability; it is used in the

manufacture of elastic elements, spring components, and springs. Steels

of this type can be classified as carbon steels, which contain 0.6-1.05%

carbon, or alloy steels, which contain 0.46-0.74% carbon. Heat-treat-

able spring steel is alloyed with silicon, manganese, and chromium;

these elements raise its elastic limit and improve its temperability.

Steel alloyed with tungsten, vanadium, and nickel is used in the manu-

facture of springs for especially critical applications. Silicon, sill-

con-tungsten, and chromium-nickel steels withstand impact loads well.

Carbon and particularly chromium-vanadium, steels have the highest fa-

tigue strength.

TABLE 1
Mechanical Characteristics of
Strips (according to GOST
2614-55)

3 2TIa I oft 2 6 Na 0:a H
68n ~ :o >1 , 00

apoqasciw (ij.lm') (% ,, ,A,• (ae;,a.")

si Iu gl-t ,0 2.S 686-e00

i) Strength group; 2) kg/mm ; 3) 6 based on 200 mm (%, no less than);
t 1Pe 5)n2t; 6) 3P.
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Fig. 1. Physicomechanical characte'ilstici= of 50KhFA steel as a function
of tempering temperature. 1) kg/mm2; 2) tempering temperature, *C; 3)
stress relaxed over 100 hr at T 0 = 56 kg/mm2 .

TABLE 2

Durability of Certain
Types of Heat-Treatable
Spring Steel

I4 its .g CiNet i .s .s

.50or 131 12o .. . ,
66OC2BA 219 34aqmuuwa IE<aq-0,111 ('11arns .. 31.2

7asr - MI ý'4f& -i 13.

055c" 130 1*neaqua at-9420 140'. .. ' . . . 40 -
moll ;7#a m , . 50 30

,GO"CZ *ilr T :l :... .. 0 3*1; .
hO S0QXOA 1llO 1HCn•.IpIweSOHlin

(Hii:4;7E,a. .',) !s0 slo"

,, b- 7 7 EIl a.t) 6. -

1) Steel, 2) kg/mm2, 3) surface condition of specimen; 4) 55SG; 5)
5OKhG; 6) 60S2VA; 7) 65G; 8) 55S2; 9) 60S2; 10) 50KhFA; 11) polished;
12) the same; 13) cleaned with emery paper; 14) unpolished.

Fig. 2. Ultimate tensile strength of steel as a function of hardness.
1) l g) 2.: 

-
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Heat-treatable spring steel is produced in the hot-rolled and an-

nealed stater, in the form of bars, strips, bands, and wire. The stand-

ards provide for a bar diameter of 5-50 mm (0.2-25 mm for silver steel),

a strip thickness of 0.08-3 mm, a round-wire diameter of 0.5-14 mm,

a d a square- and rectangula--wire thickness of 0.6-6 mm.

"Strips are produced in accordance with COST 2283-57 and GOST 2614-

55 from steel of types U7A, U8A, U9A, UIOA, 85, 65G, 60S2, 6OS2A,

50KhFA, and 65S2VA; Table 1 shows the mechandical characteristics of

strips as a function of strength group.

The chemical composition of heat-treatable spring steel of types

U7A, U8A, U9A, and UIOA is given by GOST 1435-54, that of types 65, 70,

75, 85 and 65G is given by COST 1050-6C, and that of types 55GS, 55S2,

6os2A, 70S3A, 50KhGA, 50KhFA, 6oS2KhFA, 60S2KhA, 60S2VA, 65S2VA, and

60S2N2A is given by GOST 2052-53. The mechanical characteristics of al3

these heat-treatable spring 3teels are given by GOST 2052-53.

Figure 1 shows the character of the variation in the physicomechan-

ical characteristics of heat-treatable spring steel as a function of

tempering temperature, using 50KhFA steel as an example.

Carbon and low-alloy heat-treatable spring steels are character-

ized by a monotonic decrease in hardness as tempering temperature

rises.

Different types of heat-treatable spring steel with the same hard-

ness after tempering have almost the same ultimate tensile strength

(Fig. 2). As their hardness increases (RC > 50) the tendency of high-

strength heat-treatable spring steels to undergo delayed fracture un-

der the action of a constant applied stress becomes stronger. In the

majority of cases delayed fracture of springs is caused by fine super-

ficial or internal cracks. Cracking occurs during manufacture of the

wire or quenching of the springs and as a result of etching and hydro-
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gen absorption during cadmium-plating, zinc-plating, or application of

other coatings... High requirementj must consequently be impo:;ed on tV

quality of the wire aud of the surface of the wurkin;, turn:-, of the

spring.

TABLE 3
Heat-Treatment Rglmes for Coiled and Plat ::r~rini,::

SY7A VOA '41-70 ~ 'u4'io 4Z?VSA. ,0A 4 -
GvQA V,: I-4ko 4•,-3'o - , -:.It - I - I -

14 CI 0 2A1 R4 --"' :Ci I' --ll | 44-' I.t -- -- [is 704; •1•4. 7'V•3 N.... -,• 4 it 11 ",,, |40 ,-" too t ;• 17 '. : 01 . .,

1) Steel; 2) temperature (*C); 3) qaenchini in oil; ' temperir; ....

kg/mm,; 6) U7A; 7) U8A, U9A, UlOA; .'ý) C.•G; ,) -" ;2A, '>.:2; ) V'A
70S3; 11) 50%'hFA; 12) (OS2VA; IL) (-32VA; 14) 6, 2 NA.

It is wise to quench and temper helical and flat .-prin-.7 to a hard-

ness cf 46-50 RC.

The principal methods for hardening springs and increazing their

resistance to cyclic loads are hydroabrasive treatment, Thot-blasting,

and oriented cold -working, the latter being carried out by loading

coiled springs u~der stresses exceeding the elastic (proportional) lim-

it of the steel. The cyclic, strength of the steel can be considerably

increased by nitriding.

The permissible calculated stresses for springs should be selected

in accordance with the type of steel, loading conditions (static or

dynamic), serviceI life, design, and type of spring.

Depending onj operating conditions, sprin-gs are cadmium- and zinc-
plated or oxidizel in order to provide corrosion protection.

References: ergiyevskaya, T.V., Ressorno-pruzhinnyye stali

[Spring Steels], in book: Spravochnik po mashinostroitel'nym materialam

17



III-123p4

[Handbook of Machine-Building Materials), Vol. 1, Moscow, 1959; Avto- I
mobil'nyye konstruktslonnyye stall. Sprcvochnik [Automobile Structural

Steels. A Handbook], Moscow, 1951; Metallovedenlye I termicheskaya obra-

botka stall 4. chuguna [Metalworking and Heat Treatment of Stoel and Pig

Iron), Handbook, Moscow, 1956; Spravochnik metallista (Metalworker's

Handbook], Vol. 2, Moscow, 1958; Shmnykov. A.A., Spravochnik terzmista

[Handbook for Heat-Treatment Workers), 2nd Edition, Mo-srow, 1961.

A.L. Selyavo
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HEAT TREATMENT HAIRDL74ABLE TITAMIUM ALLOYS, alloy, who.- t.rcfnth

can be substantially increased by heat treatment (as a rule, quench

hardening and artificial aging). The strength increase is obtained by

retaining metastable phases by quenching with subsequent decomposition

of these phases in the aging process. Several types of heat treatment

hardenable titanium alloys with the a + 0 structure exist; basically

two of them have come into industrial use: 1) "Imartensite" type alloys,

which are hardened due to. the decomposition of the metastable a and a'

(a") phases (titanium martensite). This group includes, for example,

the VT14 and VT16 alloys; 2) alloys with a metastable 0 phase, for ex-

ample, VTl5, wjhich-is quenched to the 1 phase both by rapid- cooling

(in water) and by-slow cooling, for example, in air. Isothermal heat-

ing at the aging temperature results in the decomposition of the 0

phase with a precipitation of the disperse a phase, which is accompan-

ied by a sharp increase in strength (see Titanium alloys).

The majority of industrial titanium alloys with the a + 0 struc-

ture: VT3, VT3-1, VT6, VT6S, VT8 have their strength increased to one

or another degree by heat treatment. However, heat treatment of the

VT14, VTl5. and VT16 high-alloy alloys is most effective; these alloys

are used primarily for making sheet metal semifinished products -(sheets,

ribbons,- strips), and also forgings, stampings, bar stock, etc.

Sheets, •ribbons and strips from the VT15 and VT16 alloys are clad

by the VTl- 0or.VTl1l commercial titanium for protection from selec-

tive oxidation in the process of heating attendant to hot pressurework-

ing and'heat treatment, as well as from hydrogenation when the sheets
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c. d.. .. .rt.•.. P.c Jiiz: laýer frcm, coft ttrnt ni pro-

motes in-rea,1--g the plasticity arnl Lmprove the surface finish of ,

sheets. Components from clad metal operate reliably in designs. Clad-

ding i.; performed by hermetic welding of a titanium sheet to the slab

(along the perimeter) and subsequent rolling by the ordinary produc-

tion process methods. TDe thickness of the cladding layer (after roll-

ing) comprises 3-5% of the thickness of the nonclad sheet per side.

TABLE 1

Properties of Heat-Treatment-Hardenable Titanium Al-
loys at Various Temperatures00, "C°'' ' 1

Town-pa('I

4 (no LAm') 13(a f

Cua aa BT1 4 (tancl 1.5--5.0 UA)

-7To ISO-ISO 130-ntS -- 1.0--3.0 3.1-- 5
20 115-140 10•-7 105-- 1100,) $Z-I 2.-15.5)so 15 -•o 10-8 0s e 7to - 3

350 65-1 0 180-0 53-60 8000 .-.
400 I S--S a--7 45-55 :700 4-- -
410 57:--o 60--70 40-50 $$00 4-- -,

S00 70-76 s0--s0 0-40 6700 @-to -

6 coa,, mTIS hameI.S ,-2.oa-..

-70 ISo- 0So 6 c - B T I •--W 1.5-2.t ' Am) 2:.1:2:
2() 130-I1O ;'-4 0010 100 3. 0-. 2.1.

300 120-130 105-92 0 90--,0 t000 4-- -
400 110-120 100t1- 5 a4-- O 0500 4--S -0500 to0-_1to 60-80 45-55 7500 4-- -

7'C aas 1T I g zjci I,--2.0 ,u AA-7:0 135--ISo--- 4-6 4--I,
20 1"2-1451" 110-125 8 5-100 ;000 A::4 4-4

3o0 01-98 31--8 60--7 9000 0-- -

350 90-95 79--5 50--0 t00 --4 -v
400 89-94 77--82 5 0--$O 3o' 4-- -
450 1)-87 671-68 30-40 000 5-6 -
500 78-80 52-57 25-21 - i-- -

*For bar stock.

1) Temperature (°C); 2) pts; 3) (kgm/cm ); 4) (kg/mm2); 5) VT14 alloy
sheet 1.5-5.0 mm); 6) VT15 alloy (sheet 1.5-2.0 mm); 7) VT16 alloy
sheet 1.5-2.0 mm

The VT14, VT11 and VT16 alloys a-- recommended fnr :c%'. 4 -• .. ,>.

Jected to high loads made from sheets, forgings and stampings. The

VT14 and VT16 alloys can be used for fasteners subjected to shear and

also for welded designs.

The properties of heat-treatment hardenable VT14, VT15 and VT16

alloys are given in Table 1.

Sheets from the VT14 and 1IT16 a.lloys have, correspondingly, the
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rnd 12-17%, a,. b--2 kj/p'ml z; t ,, i,1r a it y

of the VL".6 K'.Qy in he annŽý:,ld a;ta• , also characterizd by the

g-eater oendin*g angle: when r-: i. 5 1 ( i6 the thi 2nes) ":heets fruo

the VT16 alloy ( L- 1.0 m7') have a bending an•f.,: t ,, while sheets

from, the FT14 alloy (c .. mn) have a bending ar:-gle of 4j, and for

6 = 4-5 mm their tpnding angle ic 3(. In th annealed state and for

close vaiues of the ultimante ctrang-r, "ha three alloys (eb = 80-95

kg/mm2 for VT16, 90-100 kg/irn 2 for ''T 9j-l15 kg/r,- 2 for VT14)

the VT14 and VT16 alloys are distinruic:hed by a low yield point (c 0 . 2

3 = 65-76 kg/mm2 for VTI4 and c 0 2 = 35-50 kg/mm2 for VTI6), which is

*due to the martensitic decompositioi, of the 0 phase of the quench hard-

ened VT15 alloy is stable under load and such a phenomenon is not ob-

served. The VT16 and VT15 alloys in the form of bar stock have endur-

ance limits (based on 2.107 cyles) of 52 and 50 kg/mm 2, respectively.

Sheets from these alloys have a substantially lower fatigue strength

(0- 1 = 36 kg/mm for VT16, 44 kg/mm2 for VT14) which, apparently, is

due *to the surface finish.

The heat resistant characteristics of heat-treatment-hardenable

titanium alloys are given in Tables 2 and 3.

The VT14 and VT16 alloys can in certain cases be used for making

of bolts instead of the 30KhGSA steel. Bolts from the VT14 and VT16

alloys are by 40% lighter than steel bolts. Heat treated to ab > 110

kg/mm2 , they have the same tensile properties as steel bolts and are

somewhat superior to them with respect to shear strength (Table 4).

Bolts made from the VT14 and VT16 alloys are not liable to cross-

thread and do not show tendencies toward retarded brittle failure.
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Creen £tr'ngth, Creeb Ie-

oistance anjt r . ...J .... •+e

of Heat-Treatmenrv Harden-
able TitVnium A cys

TPU~n-Pejj *,,* o,, .,. .

4- C) 1 2 .(w Axe..2iiinMA

3 CriaaS bTI4 (s1e? 1,5--.07mm)
110 1- 5
400 35"4Q 1'' ii
4t, 54 --

4 C.nAa DTII (Am" 1.5--2.0 u)
"35 I 95 53 50*6
4 0 0 74 -500 35 I

~CnaS3 Tt6 (aw1 .0-5.0 a
,1 0 70 36

350 0 . go 3j 0
400 7 "27 39..

*On the basis of 2.l07 cycles.
**Bar stock.

1) Temperature (°C); 2) kg/mm2 ); 3) VT14 alloy (sheet 1.5-5.0 mm) 4)
VT15 alloy (sheet 1.5-2.0 mm); 5) VT16 (sheet 1.0-5.0 mm).

TABLE

Change. in the Ultimate
Strert.' Under Load of
Heat-T e-aitrnent - Ha rdenable
Tita•n., -, •loys

Bun arpym4e"n (CMN)

' 30 60 1 0 v 0 l ,o i Soo

30 I I+(toM.')Cumina BTI4 (nue? I5-S,f amJ

400 ,02 - -100

500 7 0 6 64
600 45 1 0 4 : 0
700 23 6' 14 12 10

5 Comas BTVS (AMC? 1.5-2.0,m)

300 - I - 1. - I
400 - I - - ,I- 1 331
500 t 0 03 1001 6
61 0I4643 3613$oo - I 2 12 ( l

lO0 152 - 2 6 1 6

700 33
600 63 so1 I

1) Temperature (°C); 2) load application time (sec); 3) k/mm) 4j
VT14 alloy (sheet 1.5-5.0 mm);5) VT15 alloy (sheet 1.5-2.0 mm);
VT16 alloy (sheet 1.0-2.0 mmý).
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Tltar.uz~ A loyz as Cc~mper-

.d with Steel Bolt.-

r'. IJht4 I I PA- PIuIl.•.28N 3W .IA I)IIAliM . l,U ,- rp xl•i ql

MP 138,00 23t ,0, 1, .110, !0 , , ýGO 3,0 -.)1 019
NIO 600 6oo 61001 00 5650 5900 5490

1) Thread; 2) tensile breaking load (kg); 3) shearing breaking load

(kg); 4) VTI14; 5) VT16; 6) 30KhGSA.

SFollowing are the properties of VTI4, VTI57 and VT16 alloys in the

S heat-treatment hardened state :

SAlloy VT14 VT15 v/T16

l2 4.52 4.89 4, 68
p (ohm-am2 /m) -- 1.55 1.11

::The thermal conductivity, specific heat and linear expansion coef-

ficients are given in Table 5.

The VT14, MR15 and VT16 have a. high corrosion resistance. t;o a ma-

jority of aggres.,Ive media (see Titanium). The VT14 and VT16 haive a

good and the VT?15 has a satisfactory plasticity in the hot sta ;e. The

technology of hot pressureworking and the heating regimes for ngots

or billets are the same as for other titanium alloys (see Heatiresist-,

ant 'titanium shaping P12os.

It is recommended that the VT15 be heated in furnaces with a pro-

tective ntriosPhere. The fcr-ing temperature ra-ge is_- 115o-8500, the

hot rolling temperature is 1O000% the warm rolling temperature-13 850-

7000. The alloy can be cold• rolled and cold sheet pressworked with a

degree of deformation of 50-80%.

The VT14 alloy is sensitive to overheating, for which resn h
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*~~rIni n--, ""i s*:r I, tr:rr r I t kept. 71,e

t ne•i'rVur.e_ r-_nýe for forging o, hot rolling of ingots is 1050-.50°,

the temperature for forging conpcnents fr m blanks is 930-750° (the

a + 1 range) with a degree of deformation of not less than 40-60%. The

VTl4 alloy is warm rolled at 750-550°. Cold stamping and rolling in

several passes with a total degree of deformation of 40-60% is permit-

ted.

TABLE 5

Physical Properties of Heat-Treatment-Hardenable Ti-
tanium Alloys

I 2 I"em-pa u•P e rtUmN ('C)
Cuans 1 25 100 1200 1 300 10l 50 60j7e *0 640 150 601.0 1 600 1 90o1)l~ o •o #o l~ ~~o i •

3 I. (W.ia-aCOM eC)

DTI4 .4 ......... 10,002 0.002210.O25 10.090. ,3l 0.0S 3 10,037lO.O 0.0401O.04
4
1 0.046

TS. -- ............ I - 10.0o 0.02o310.o 02710.• • 1o.o0350.0.1o0.04hi0.04i 0.052

BT. ........... . Io,025 ,0026 0.029 o 0.0321o0.03o 1o0.0310.040 0.043 I0.04I 0,01

5 e (xadA.*C)
BT14~ ~ ~ .j ..... 0 0.12 0, 13 10. 14 1O~tS 1 0 I 2.1 0.0 024

DT1r.,.............- -- o1 o, o , o.+I Lo I •.'P -eO.+ -

BTS. ... . .. 0.12 f0.13 0.14 0,15 0.16 0.? 0 0.18 0.19,,,r,. .. .. .. . - -o ,-., + . <, o . Io , + ., l . , -. , -

"BT° ........... . . -....0. ,1 t . ,2 0.13 0,14 0.16 0, 0 0.1, _ 0.20 i -

a. 104 (1C)*
DTII........... 8,0- 0IS .2 1 .S ,5 I .1 I 6. BII . 9 .1 .86

"DTI ........... ... - 1 1 0.3 , 6 9, 7 I" .2 I .0 " .° I,. I ,. ,,

"DTtI .. . .. I 9 . 7 I,. 1,o. 9,. 9,. Iot0 -

*When heated from 200 to the specified temperature.

1) Alloy; 2) test temperature (CC); 3) X (cal/cm.sec. 0 C); 4) VT; 5) c
(cal/g- C).

The VTI6, as the VTl4, alloy is sensitive to overheating and a

strict adherence to the temperature regime in pressureworking is neces-

sary. The ingots should be forged and hot rolled in the temperature

range of 1000-8000, components should be forged in the range of 850-

7000 (a + 0 range) with a dagree of d formation of not less than 40-

60%. The warm rolling temperature is 700-500°. Cold sheet stamping and

rolling in several passes with a total degree of deformation of not

less than 40-60%. The warm rolling temperature is 700-5000. Cold sheet
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stamping and rollirg in several3 passes with a total degree of deforma-

tion of 50-70% is permitted.

TABLE 6
Properties of Welded Joints of Heat-Treatment-Hard-
enable Titanium Alloys*

:faro ia a (rpalt.) 4 n?, (srafm..'
aall COComau. C3flpPR ¢ OE•, MHUN? I • ionioR ol ©CionioA cINpI1

1 2MeCTRRJ coe.clfe C00oe:1n,1-
~~~~~~ 7 o-o O' T MA°l" '

fcacapoin Oem ?pumq odpaGoME 7 1 0 0

RV4 rwo empagn 0-8 0 ve Y epxiq. 15 mntr o. 5 -6 5 56019-1001 94-101 ~ _____

RaPRu He O ayqWue I 2 & A1.41

*Shmeet 1-3 mm thick.

13 Alloy; 2) state of the welded Joint; 3) bending angle (degrees);
4)(kg/mm2 ); 5) base metal; 6) welded Joint; 7) after welding withoutheat treatment; 8) VT; 9) annealing at 800-8508 for 15 mn, air cool-

ing; 10) quenching from 570 ± lOa in water, aging at 520 ± 100 for 16
hours; 11) wate5 quenching from 780 ± 100, aging at 520 ± 0 for 12.

hours.

W *th respect t machining (curning, milling, drilling, etc.) heat-

trtrement hardenable titanium alloys are close to stainless steel. The

VT15 machines poorer than the other heat-treatment-hardenable titanium

alloys.

The VTl4, VT15 and VT16 alloys weld satisfactory by all welding

methods used for titanium. T, ,xts made "y argon-shie2l-ed arc

welding do not differ by their strength and plasticity from the base

metal. To increase the plasticity of the welded Joint in VT14 alloys

it must be heat treated. Heat treatment (quench hardening and artifi-

cial aging) can be used to strengthen welded Joints of VT14 and VT16

alloys; the welded Joints from the VT15 alloy tend to become brittle

after hardening heat treatment. Typical properties of welded Joints of
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the V w., VT L, ,,'16 alloys (sheet thickn:-ss 1.5-3.0 mmn) made by

argon-shivl.ed art welding are presented in Table 6.

Wire from a titanium alloy with 2-3% aluminum is recommended for

"a filler when welding the VT14 alloy (if the alloy is annealed, then

"a filler from tie VTl-1 alloy should be used), while wire from the

VT17 alloy (10% Mo, 2% Al) is recommended for the VT15 and VT16 alloys.

The VT14, VT15 and VT16 alloys are subjected tc annealing and to

hardening heat treatment, i.e., quench hardening in water and to arti-

ficial aging. (See Heat treatment of titanium alloys). If components

or semifinished products from the VT14, VT15 and VT16 alloys have an

elevated hydrogen content, then it is recommended that it be removed

by annealing at 800-8500 in a vacuum of not less than 10-3 mm of Hg

forl1-2 hours.

Heat-treatment-hardenable titanium alloys are recommended for use

at room as well as at elevated temperatures. The VT14 alloy is used

for making components and articles operating for prolonged periods of

time at temperatures of up to 4000 and for short periods of time at

.temperatures up to 5000; the VT15 alloy is recommended for extended

operation at temperatures up to 3000 and for short-duration work at

up to 500*; the VT16 alloy can be used for long periods of time at tem-

peratures up to 3500 and for short periods of time at up to 7000.

References: see at the end of articl- it:n alloys.

V. N. Moiseyev and S. G. Glazunov

Manu-
script (Transliterated Symtols]
Page
No.

S1879 nu= pts = proportsional'nost' = proportionality
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S HEAT TREATMENT OF ALUMINUM ALLOYS. Three kinds of heat treatment

are used for aluminum shaping alloys: hardening, aging and annealing.

The alloys are made stronger by hardening and aging while their

strength is reduced by annealing. Only alloys in which the solubility

of alloying elements in the base metal increases with a forced air cir-

culation or in saltpeter baths. Heating of components in a molten mix-

ture of salts ensures rapid and uniform heating. Air furnaces are more

economical and safe than saltpeter baths, but the heating of metal in

an a~r medium is much slower. The minimum necessary rate of cooling

on quenching is determined by the nature of the alloy, dimensions of
c c omponents and the level of the required corrosion and other proper-

ties. For example, in order that pipes from the D16 alloy, intended

for critical service, should possess high corrosion resistance proper-

ties, they must be pre-quench heated in vertical air furnaces with a

forced air circulation and submerged in water at a rate of not less

than 0.8 m/sec. The temperature of the pre-quench heating is determin-

ed by the nature of the alloys (Table 1), it is higher than the solu-

bility limit of the alloying elements, but does not exceed the solidus

temperature. The duration of heating depends on the kind and thickness

of the semifinished product (Table 2).

Incubating period - time interval from the instant of quenching

to the beginning of perceptible strengthening of the quenched alloy by

natural aging (see Aging of Aluminum Alloys). The duration of the in-

cubationp"eriod depends on the nature of the alloy after quenching. It

is desirable that pressureworking in this state be performed in a single

* 1886

........................



TABLE 1

Temperature of Pre-Quench
Heating of Semifinished Pro-
ducts from Aluminum Alloys

, A_
Caxo POTS ~ 3

4

.~6)5 J7=y. 
6  49-O

6O1 60 415--51:)

A- 645 497-503
120 -25 3S s-S'o
BDR17, 8

IM40 :11 4, 95-505
A121 515 52-6.A3RA 'a .I • W -- 500 ,0o,-• i a
A;131. Pee 33dm coal-

AA3 fbaepur'AiCO

AH12 505 5 10-530
At(, Bee isaw DoXY-

A H 6-1 8•fItSfOr'WM87O 500 505-525
AI•. F 490 495-30
A X4.

A M-1 - 520 525--540
A M2 - 505 51t--,'2 0

:AAI23 - 515 520-528•A• 9 F - _, _o- _

1) Alloy; 2) kind of semifinished product; 3) temperature from which
Sthe heating duration is reckoned (OC); Li.) allowable interval of harden-
ing temperature; 5) D; 6) sheets; 7) pressed semifinished products and
plates; 8) VD-17; 9) VAD; 10) AD; 11) all kinds of semifinished pro-
ducts; 12) AV; 13) V.

operation, sinco- plastic deformation produces a perceptible strengthen-

ing of the allow as a result of decomposition of the hardened, super-

saturated solid solution. This property is used in the industry, where

in order to retain the high plasticity of the alloy during the incuba-

ting period (freshly quenched state) the components (rivets) are held

in special refrigerators.

The high plasticity of the material in the freshly quenched state

is used for straightening of products after quenching. Stretch
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TABLE 2

Holding Time when Pre-Que-nch Heating of Semifinished
Products and Components in Air Furnaces and in Salt-
peter Baths

IflI~~npo'HNab-iImOCh amsri'pNmN

:£oawnaamo:pu;oss"ua o~rmH m ee 3-12 1)

5,5-.15~-40 20

JI-M"fulouos"W TO~llbl.T7W 76- .2o 120-20 50
sm~ox a~naiilmo eame m w o- m, Ujm 1'H'H 1.3-:1 15-:10 to

8 u PP014"1role nw a" P-TC. ln. 3.1-S 201-45 Is
28N'1TK ~jRofj'e~lall i - o 3~l0-90 20

_2-5 35-750 25

I57 O5021) - tfl5
76-100 260-t2h40

tiot-I 1. 150-12) 012 20

1) Kind ormf seiinse prdut 2) materia thccs (m);3hod
ing~~ tim (i5) 4): in ai uncs ) nslptrbah;65 ld

annealed ~ ~ ~ ~1 shets 7) upt;82nldanaedsetcl rsue

cerai kind s of semifinished product s (patresse phickness, plates).hld

Angtie (mdein) . Age hnairfrdnings regimesfo coponenbths; and semifin

isheaed produts; fro auiumo;8 alloys arnaed prsenteds inTale 3.esuIt
shouled bnetaken pinto, acout thate platsti dhaeformatio (byck 2h%)inth

freshly-qenhed states cand rledues th9 ltmt st reins ngt or compnent

ftromghthenV95 alloy in the aeisrtificia age internal statses bye1r-3

kg/mm2.y Thceabsencte oiel stodraengplastic deomanaoyoeation (sfigtnig

inrthen fredshl qunheftaei semifinished products frome poucs pltesanel

fehyqeced state, canrslin reducin the bytimate kg/m 2 endt of co2 pbye3-5

kg/mm2 in the aged state.
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TABLE 3
Age Hardening Regimes for Components and Semifinish-
ed Products from Aluminum Alloys

Temativiyra I ~~~.~Jb, I~~~~~U -* l'-[ H<+T )a• II

21" 19 '•, } ,Il(J71 I!1'~ EwrCNH rI9Houln, ur419~l.. i3• Q-24.)I . ,, I
•,.•o 1,2-,- 4.•.+,.r- •<..+ " 99 Mc,.)'

ST2 we To WO, 1 20-240

Ale20 IS fes'19, ,,e,,2+-
p . .. *.T.rLo4 i lft I T IC-I1

20 VHet,, 'n,- 3~T.•p.• .. I •-

A. 21 icea swimw noy II

S21T_ &C ii mwe IT we-l ", In

a:1 * 'To Mwe 165-17- I6

Ali A14 rcerNO NOWUMAR. I -t -to
Ali ow ThlernWe ioisa
AN, AR -1 M 15 0:186Is 161:
Ax.AI c6. wcM;+ IoI--Is Is--1

AM 6 ,I"o la I51i-- -
A R 4"n * 1.ll5 I "-12
N'40 .I,5' lc0vel1io IOit ito

.) Q ,,id, 120-12 2l
B0l• 5-I l` 1 eerosas lWe noWy143

6
- 1 :3"-I4+ 1PHNMri XI lMa101is11ll

Dl*6 OCe 9112 aOOY4j6PT•Spgat HePYOCTI. 135-1l4 16

S CTynemb L J 95Ata 6-57 ) I ejTnfe. •,s- s--s
1N 0 To 3w CrM,"e

-'I ClrnI ,,I0WII -- 2t II €'rynwb 4 lo-T

*If the semifinished products from the V95 alloy
have a strength and elongation highly in excess
of the technical specifications, then gradual age
hardening can be used as follows: stage I - heat-
ing at 115-125" for 3 hours; Stage II- heating at
157-1630 for 3 hours.

1) Alloy; 2) kind of semifinished product; 3) age hardening; 4) age
hardening temperature (*C); 5) age hardening duration (hours); 6) D;
7) all kinds of semifinished products; 8) natural; 9) room; 10) same
as above- 11) sheets; 12) artificial; 13) pressworked semifinished pro-
ducts; l4) regime I; 15) regime II; 16) VD; 17) AV; 18) forgings and
pressworked semifinished products; 19) V; 20) gradual:; 21) state I;
22) stage II.

Annealing. As a result of processes of recrystallization, polygon-

ization and recovery, annealing reduces or completely eliminates the

strength increase produced by the cold hardening of the material. In

alloys which are being strengthened by heat treatment, annealing also

produces decomposition of the solid solution and coagulation of the

decomposition products, which is accompanied by reducing the strength

of the alloyr and increasing its plasticity. The annealing regimes are
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recommended on the basis of the nature of the alloy and the intended

service of the material. Semifinished products and components from

brand AOO, AO, Al,.A2, A3, AZ, ADI, AMts, AMg, AMg3, AMg5, AMg5V and

AMg6 alloys, for which strengthening heat treatment is not used,

should De annealed.

High annealing- it is a heat treatment consisting of heating the

metal to a temperature of 300-500, at which, as a result of intensive

recrystallization, the greatest reductica in strength of alloys of

this group is achieved (Table 4). To prevent increasing the grain

Ssize, the holding time should be minimum. The grains grow particularly

intensively in sizc upon slow heating. Hence the heating for high an-

nealing should take place at the maximum rate. Flaws in the form of

blow holes which result from the generqtion of hydrogen can appear on

sheets from brand AOO, AO, AMD and AD at high annealing temperatures.

Therefore temperatures above 4500 should be avoided.

Hot rolled sheets and hot pressed pipes from AMg5, AMg5V and AMg6

alloys should be annealed at 325-350* before cold rolling. All the

semifinished products from these alloys should be subjected to final

TABLE 4

High Annealing Regimes*

3p (mum.lep)ixw

na i NTni ,O I 2CJuNN( ) •op m He xotM~
VQ 4-AINNe 50ateAut

AO 6am Gooaee

AUO.AO, Al. - - -
2A3. A0 , •1,350-5001

62, Aa A I, 1-t0 10-30
4•ir AXr7 r 310-420 (',o opo.

A~tS. rpela)

9 AWr5, 10--335 60-I1O 120-14O
ANtS _ _ _ _ _ __ _ I

*Air is the cooling medium.

1) Alloy; 2) annealing temperature (*C); 3) holding time (min); 4) for
a product thickness up to 6 mm; 5) for a product thickness in excess
of 6 mm; 6) AD; 7) AMts; 8) AMg; 9) AMg5V.
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;ion resoitance.

Low anneallng- t, a heat treatment con."it;tinr of hpatln:" ti,ýe

material to a temperature of 150-jCQ, at wtlich the recry.;tAL~li7.tJPrI

take;- place -,lowly, and partial redu•ction in strength of the hlrden!-

ed metal is obtained by recovery or relaxation, i.e., asemi-harde>'':

state of the material is obtained.

TABLE 5

Low Annealing ReCimpo*

I t 1I.'4"d1N P*1-

'ii t 'i r wl l -lh e~. I T 1.1' 111

A,'. At. At, AZ, A 3,
At. A.1 I4 "-'

.tNi' 1 2

*Air is the coiling mediu.m.

1) Alloy; 2) annealing temperature (*C); 3) holdirij
tilie for all material thicknesses (hours); 4) AD;
5) Amts; 6) A•g.

The temperature for low annealing of aluminum within the limit:'

shown in Table 5, is selected depending on its admixture content. A

higher annealing temperature is used for a higher admixture content.

For the AMg3 alloy the annealing regime shown in Table 5 ensures mec,-

anical properties corresponding to the annealed state.

Full annealing - is a heat treatment consisting of heating tre

metal to a temperature at which the saturated solid solution is least

stable and subsequent slow cooling, which ensures that processes of de-

composition of the solid sclution and of coagulation of the decompo:;i-

tion products take place. It is used for removing the strength in-

crease which was obtained as a result of quenching and age hardenin-g

or hardening (cold deformation), and also for complete removal of in-

ternal stresses. After full annealing the semifinished products have
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the maximum production process plasticity for the given alloy (Table 6).

Foreshortened annealing - is a heat treatment consisting of heat-

ing to a temperature at which the saturated solid solution decomposes

at a high rate, holding at this temperature, which is sufficient for

maximum precipitation of intermediate phases from the solid solution

and subsequent air cooling.

TABLE 6
Full Annealing Regime

IeTme, Cl•pM.
OTOII~l 11 -Yalunlwpa • .n ou,,1114.

2(<VC) "P"A

SAL t" 5 ,,o-&50
t80-430 $"e0 3 o

2A, )~2l 3:.o-446002040'.........400--420 8SiU -!,. e--t0 e*

sw3ays* 7
6, D#, th0-e430 air;"8 9+'

1) Alloy; 2) annealing temperature (0C); 3) holding time for all mater-
ial thicknesses (mrin); 4) cooling rate; 5) D; 6) VD; 7) 30°/hour up to--2600, then in air; B) V; 9) 30°/hour up to 1501, then in air.

TABLE 7
Foreshortened Annealing Regimes*

Cuaa ,emp :oim ... .
j VC) I "$l?"aa,I2 Ona.).

J20, RI21 ,.. . . 1I0--4T0
, D 6: . : 290--20

AB 0-420 2-4
.... ...... 10-AM .. .. .. .. . 390.--10

*The cooling medium is air
or water.
**When annealing clad sheets
it is recommended to reduce
the holding time to 20 min-
utes.

1) Alloy; 2) annealing temperature (°C); 3) holding
time for all material thicknesses (hours)*i; 4) D;
5) VD; 6) V; 7) AV.

After foreshortenei aanealing (Table 7) the semifinished products

products can be cold pressureworked with medium degrees of deformation
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since they become less plastic than after full annealing.

Since natural aging of the V95 and V96 alloys may take 'place fol-

lowing foreshortened annealing at the above temperatures, the material

should not be held between the annealing and strengthening heat treat-

ment for longer than 10 days.

Heat treatment of cast alloys differs from heat treatment of

shaping alloys. For example, the TI regime (artificial age hardening

without pre-quenching) is used extensively for increasing the hardness.

of components cast from alloys to improve their machinability; and

also the T2 regime (high-temperature tempering) which is used for re-

moving casting stresses and the T9 regime (repeated cyclical heating

with subsequent cooling) which is used for stabilizing the component

dimensions(Table 8).

The pre-quench heating time for cast components is many-fold

greater than that for shaping semifinished products. This is due to

the fact that the cast metal has a rougher and more heterogenous

structure.

Depending on the nature of the alloys, casting methods and the

intended use of the components, one or another heat treatment regime

may be used. Varying the heating rate, time of holding at the appro-

priate temperature and the cooling rate, it is possible to obtain com-

ponents with various properties. For example, components can usually

bc hardened by quench hardening or quench hardening with subsequent

aging. In thc first case the increase in the strength and plasticity

indicators is produced by dissolving strengthening phases in the solid

solution. In the second cap the highest decomposition of the super-

saturated solid solution. When establishing the main parameters of

heat treatment (temperature, holding time, cooling rate, etc.) it is

necessary to take into account the structure-of the components, i.e.,
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TABLE 8
Typical H{eat Treatment Regimes for the Most Extensively --

'Used Cast Aluminum Alloys

3 11
cuasa 1, 1 ,, ry a: 6T 9~ K~ 1 Q'6p.nr

I o* TI1 Al Hor .

AJ13-i T2 - - 300:00 2-4 * eTIemnu. ?scOT...luirOno l.
C~o"Hcys:I Pna.1weoe a.
CtINTNII OCrAT11,1aZ Hl'-

TS 515*5 3-4 Bmlis t71+5 3-51 - pyan"e aetsj,; jib-
2 -lot -jrxy'~' l 5

Vi 5115i 3-6 Rom0 21 -.s1 t5 3-51 18 ho- Jr AfN ANfra~l."1.4tAf& T-211-100 ",,al inftMO 15251
AI TI- - - I7%jl 5-7 JJa'inaa cpkclaciv iiarpy-.

TS 535*5 2-4 Bons 17sts 10-15 U pyntieaaaacnsa. Goam,-

AI TI - - 20-tO0 tuol Hsrpywe~mirnm1
AJ1 T - - 175*5 S5-to * craa.n cpe21,,pi Harpy-

T$ 525*5 3-5 Bonas 71 -1 Mpyooe :14J" Otgry
AJIS T4 430.*5 15-20 B-ona - - eosbuze Hapyeiui.rawac 18

20-100 NX OPH HsrPeme pegu.
max N.IlfyCeC fln1NCDeINbý 20SHICSO 21am ?Sal~rK1WaaMH zfell--

nele. A2emjw, OTRTnMae9 C PC3KIIIIIn evloNII
U CIrieinxii* ICKosmS-

37CCN 38KajlKnai 3
AJ19 T4 535*1 2-4 Boas, - - - 2IeTMJI. ?rpe~yinate q

21)-l00 Obiug. nagactaiilaorn 4TI 535*5 2-4 IRuonues 2 - - - Acranam. eempiniume uNitimm.
30fl5 5IHY1I. HanfpitmA1CHKIAJ

TS 353*5 2-6 Ta we' 15015 1-3 Bon- Licraau. TpeOyaoaanea.e
OAny oMwn. npeaenlR Icexqe-3 cTM w 003mW. TIep-

28~ t T4 5" 5'au 2- Boonaesjucus~ po~o

~40*5 5-9 -10j Sdl hi~l'aOV 21
TS. Crtneiaw~um -.0 no 175t5 3 Donv- Jlemnw. ipe~ymauive no-Nor AT "fiR aUU efiaa Temy-te-

540*5 2-9
38 1 4 -, -1 2-ti 300±5 3-0 * enIu. ?paoylOmwiS AtO

CISIII " O CT*4I!a~-3
Mae=aeln

T7 soots 2-3 2T-tno 25tS 35 hrn, APlS bioI05 Pnpu
521*1 2-3 Taacan Up020* 33027A2t T2 C -uuanST . 300±1 5 3-10 A fersan. nTlpe~aalne nn -

3 31 2 T4 211 1 24 .Dn - -B3- MeauINCT, spa~epu a~nxi

Mson 1 2- rKRAN 150! onun C2

low12 lods 13) comonnt reqirng dimeniona stabi ity anremovalof esiu (DsRes; 14 water; 151 lagKopnns subjmectyed towhij oas p3aig5pt 1750 16)~ comonnt opr ting rfor on

18) Alae compoents subjtectreied to high c loads;ng 19) wate 2010 ardoil
enig;51opeatonl cndtins f hecomonnt; 6 h1tng9emer
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20) it is recommended that the holding time during heating be reduced
for thin-walled components. It is recommended that component:; cant
with sharp changes in cross sections be quenched in oil; 21) crmporn-
ents requiring elevated plasticity; 22) boilding water; 23) -ame a:
above; 24) components with mininum internal stresses; 25) component:;
requiring an elevated yield strength and elevated hardnesT; 26) heat-
ing in stages:* 27) components requiring an elevated yield Atresngth;
28) AL20 (VI4A); 29) maximum strength components, operating at up to
2000; 30) components operating fcr long periods of time at 20)-275°;
31) AL 21 V300; 32) components requiring dimensional stability or re-
moval of residual stresses; 33) maximum strength component: operatr:K,:
at 150-200*; 34) components operating for long periods of tiqe at "'"
3500; 35) AL22 (VI 13-3); 36) the use of a shorter holdinr, time i:-
recommended for thin-walled components; 37) it is recommended that com-
ponents cast with sharp changes in cross sections be quenched in oil.

by partial decomposition of the supersaturated solid solution. When

establishing the main parameters of heat treatment (temperatu.re, hold-

ing time, cooling rate, etc.) it is necessary to take into account tke

structure of the components, i.e., the multiplicity of phases, particle

size for secondary phases, the character of their distribution, a.:

well as the liquation nonhomogeneity.

The coarser the structure of castings (for example, component3

cast in sand molds), the longer holding period in pre-quench heatin.-

is required, in order to ensure maximum solubility of the alloying

elements in the solid aluminum. Castings in metal molds (for example,

chill-mold castings) usually have a fine-grained structure. This er-

sures a more rapid dissolution of the strengthening phases at th .

quench heating temperature. Hence the time of pre-quench heating

castings with a fined grained structure is several-fold shorter.

The higher the quench cooling rate, the higher the mechanical pro-

perties of the components. However, as the cooling rate is increased

the danger of formation of residual stresses, which can serve as the

cause of crack formation, particularly for intricately shaped castings,

is increased.

Many components used in instruments require dimensional stability.
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This is achieved by cold working with subsequent heating to the opera-

ting temperature. Aluminum alloys have no tendency to embrittlement at

low temperatures, but a certain increase in the strength and reduction

in the plasticity of alloys is observed with a reduction in the temper-

ature.

Repeated heating (200-400@) and cooling (from -50 to -17<O) aids

in improving the dimensional stability of components.--

References: Bochvar, A.A., Metallovedeniye [Metal Science], 5th

Edition, Moscow, 1956; by the same author, Osnovy termicheskoy obra-

botki splavov [Fundamentals of Heat Treatment of Alloys], 5th Edition,

Moscow-Leningrad, 1940; Petrov, D.A., Voprosy teorii splavov alyuminiya

[Problems of the Theory of Aluminum Alloys], Moscow, 1951; Fridlyander,

I.N., Vysokoprochnyye deformiruyemyye alyuminiyevyye splavy [High-

Strength Shaping Aluminum Alloys], Moscow, 1960; Kolobnev, I.F., Ter-

micheskaya obrabotka alyuminiyevykhsplavov [Heat Treatment of Alumin-

um Alloys], Moscow, 1961.

Ye.D. Zakharov, I.F. Kolobnev.
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HEAT TREATMENT OF BERYLLIU.M. Internal stresses which are rproducec

by pressureworking and machining are relieved by annealing in the

range of 450-760*. To prevent oxidization it is recommended that an-

nealing above 6500 be performed in vacuum or in an inert gas atmos-

phere.

The recrystallization temperature depends on the process by which

the products are made (cast or metal ceramics), degree of deformation

a.nd the holding time. The figure shows the temperature dependence of

the recrystallization time.

Annealing at 8500 is sufficient for complete softening of vacuum-

cast deformed beryllium and for partial grain growth; an exclusively

coarse grain is formed at a temperature of 10000 and very short hold-

ing times. No apparent structural changes are observed in powdered

beryllium at Up to 8000 and moderate holding times. Recovery takes

place at temperatures substantially lower than the recrystallization

temperatire. Data on the effect of annealing on properties of beryllium

are given in Beryllium.

Data on the presence of the hardening effect are available. It is

very difficult to discover the admixtures which are responsible for

this-phenomenon, since the majority of elements has a limited solubil-

ity in beryllium at low temperatures. It is assumed that Fe, Cr, Mn

and Al participate in the aging process. The aging effect is also sub-

stantiated by the fact that no reduction in plasticity was observed

during tests at 6000, while the plasticity of beryllium which was not

heat treated is reduced with time. It was proven that this process is
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IW so coo

3

50iý 10-t to- '01,

Temperature dependence of the recrystallization time. 1) Sec; 2) min;
3) complete recrystallization region; 4) intensive recrystallization;
.5) weak deformation; 6) recrystallization boundary in highly deformed
specimens; 7) annealing temperature (OC); 8) annealing time (hours).

reversible.

References: Berilliy [Berylleum]t edited by D. White and G. Berk,

translated from English, Moscow, 196c; Darvin, G. and Baddery, G.,

Berilliy (Beryllium], translated from English, Moscow, 1962; Reactor

Handbook, 2nd Edition, Vol. 1, Materials, New York-London, Chapter 44,

1960; Conference on the metallurgy of beryllium, London, 1961.

I.A. Akopov, N.M. Bogorad, K.P. Yatsenko
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HEAT TREATMENT OF CAST IRON. By its physical principle-s the heat

treatment of cast iron is in many respects similar to the heat treat-

ment of steel, however, in heat treatment of cast iron, it is possible

to use carburization of its metal base by dissolving a part of the

free-graphite which is present in the structure of gray and maleable

cast Irons (on heat treatment of white cast iron for obtaining mallea-

ble cast iron from it, see Malleable Cast Iron).

Heat treatment of cast iion is divided into volume, and surface

treatments. VoltAme heat treatment of cast iron is subdivided into an-

nealing (low-temperature, softening, graphitizing), normalization,

quench hardening with tempering, isothermal quench hardening. Surface

heat treatment of cast iron is subdivided into gaz flame and inductiorn

quench hardening and into case-hardening (nitriding, aluminizing, sul-

fonizing and diffusion chromizing).

Low-temperature annealing is designed for relieving casting

stresses in castings. Castings from gray and-chilled cast iron are

subjected to low-temperature annealing at 50076000, castings from

high-alloy cast ironis of the Hi-Resist type (see High-Temperature Cor-

rosion Resistant Cast Iron) are annealed .at 62O-68oo. The holding dur-

ation in low-temperature annealing comprises one hour per 25 mm of

casting cross section, with subsequent furrnace cooling to 4oQ-3300 and

then in air.

Softening annealing (ferritizing) is 'performed in order to decom-

pose the cementite of the pearlite and to obtain'a ferriitic structure.

It is achieved by slow cooling the cast~ings at 760-7000 of prolonged
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holding at temperatures lower than the lower critic&a1 point (680-700*).

Softening annealing is used for improving the machinability of the

cast iron and for improving the plasticity and impact ducLility of the

castings, and also to improve the ferromagnetic properties of gray

cast iron castings (see Ferritic Cast Iron).*

Graphitizing anneaiinZ ha. as its purpose decomposition of the

lattice-free carbides and partial decomposition of the cementite of

pearlite; the latter is achieved by slow (furnace).cooling of the

castings. The heating temperature and the holding time which are need-

ed for decomposition of lattice-free carbides depends on the chemical

composition of the cast iron, the quantity of the carbide phase and

the casting cross section; it varies within the limits of 850-1050@.

Graphitizing annealing is used for improving the.machinability, re-

ducing the hardness and increasing the plasticity of metal in castings.

Normalizing (pearlitizing) is performed in order.to completely

transform the ferritic or ferrito-pearlitic structure of the base into

a pearlitic structure in gray iron castings, as well as for partial

decomposition, of cementite in chilled iron castings. Normalizing con-

sists in heating the castings at 850-900e with subsequent air cooling.

When the structure is transformed into pure pearlite, the hardness,

strength and wear resistance of gray iron castings are improved; par-

tial decomposition of cementite improves the machinability and the

mechanical properties of chilled iron castings.

Normalizing Ni-Resist type austenitic cast irons (see Corrosion

Resistant Cast Iron), which is performed at 950-1100, improves the

mechanical properties of the castings and their machinability.

Quench hardening with tempering is performed in order to obtain

structures of martensite, troostite and other products of decomposi-

tion of supercooled austenite. This improves the strength, hardness

1900



III-38t2

and wear resistance of castings. The hardening is performed at heating

temperatures above Ac (up to 950). Oil is overwhelmingly used a- the1

quenching medium. Tne tempering tempering temperature is 200-600*.

Isothermal quench hardening is performed in order to obtain acicu-

lar troostite (bainite), troostite and other products of isothermal de-

composition of austenite. Isothermal quench hardening impartz to the

castings increased hardness, strength and wear resistance, without pro-

ducing quenching cracks which usually arise in ordinary quenching.

Castings subjected to isothermal quench hardening -,.re heated to 830-

900* and are cooled in liquid media heated to 250-600, with air cool-

ing following the holding in these media. Isothermal quench hardening

is most frequently used for castings from pig iron, alloyed with nic-

kel and molybdenum, to obtain the acicular (bainite) structure.

Temper hardening is performed at 300-600* (for unquenched castings

from gray and white cast iron) in order to increase the strength, duc-

tility (of white cast iron), wear resistance and to improve the ma-

chinability (Table 1).

TABLE 1

Effect of Temper Hardening on the Mechanical Proper-
ties of Castings

Co.2gpumoe saeue.m~. -e.8%©e~v

_ _ _ 1 N1I Cy VI a] RD 8 8

Nr,, b "", ,P 00 8 0,1- 1.0- - 0.6- - S o- - - -
A3YaY.........75 6.50 - - - 0 20 tS 21 640 1 82 418

4.0- t.5- -,215 , ouu ,,e I

TO m 12. - s...... " 2. 0 " Te 1 ee.e. "mi - 13

1) Starting structure; 2) element content (%); 3) tempering tempera-
ture; 4) mechanical properties; 5) before tempering; 6) after temper-
ing; 7) (kg/mm2 ); 8) bainite; 9) austenite; 10) white cast iron; 11)
increased ductility; 12) same as above; 135 increased wear resistance.
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TABLE 2

Effect of Alloying on the Depth of the Hardened Zone

. 2 mTgpa•om (C•C
qyrym 70 .. L Na MctXoa.uum 0? ao~epzno~?u (aa#

S 0. 1.4 . 2, 1A 3.2 ,4.0 1 .5 7.0

5 . . . . 4 4 40 20-3• 2o Is to
7 H�muoa.0,.s o t .................. 52 5S 50 44 t40 It 19 II-

Xp owwoaelfvws . ....... ......... S3 13 52 -I I l ,5-32 II Is 11

9 JP0OUUIm.U. . . . . . 5 2 52 5, ý4 53 52 31 I?

1) Cast iron; 2) hardness (RC); 3) at the surface; 4) at the distance
from the surface (mm); 5) unalloyed; 6) molybdenum; 7) nickel-molybden-
um; 8) chromium-molybdenum; 9) chromium-nickel-molybdenum.

Gas flame or induction surface auench hardening is obtained by

heating the surface of a product by a gas flame or high frequency cur-

rent to above the critical temperature (850-1000*) and rapid cooling

by the lower-lying layers, a water Jet and other media. Stresses

which arise on quenching are relieved by tempering at 175-2000. Sur-

face quench hardening is used for castings with a ductile pearlitic

core for increasing the wear resistance. The depth of the quench hard-

ened zone is increased with an increase in the number of alloying ele-

ments (Table 2).

Nitriding is performed in a medium of dissociated ammonium for

50-70 hours at 560-5800. Short-duration nitriding (0.5-1.0 hours at
500-7000) is used for increasing the corrosion resistance of the cast-

ings in a steam and water medium. Nitriding is used for castings which

are alloyud with additives capable of nitride formation, i.e., Al, Cr

-d Mo. Before nitriding, the gray cast iron castings are subjected

to quench hardening with tempering or to normalizing, in order to ob-

tain a sorbitic structure, which is most favorable for nitriding.

Castings from white or chilled cast iron are, before nitriding, anneal-

ed to obtain partial decomposition of the carbide and formation of a

ferritic-graphitic structure. Then they are quench hardened at 800-8500
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and subjected to short-duratior. tempering at 6000. The thickness of

the nitrided case is = 0.25-0.4 mm, the hardness = 600-800 HB.

Aluminizing, which increases the high-temperature heat resistance

of the castings, is performed in liquid, solid and gaseous media which

contain aluminum, as well as by the metallization process, i.e., by

atomizing the aluminum with subsequent annealing for formation of a

diffusion layer. The following are used for aluminizing: an aluminum

melt (al 'nizing) in a liquid medium, a mixture of aluminum powders

Al2 C ad idl4 C1 in a solid medium, and AlCl vapor mixed with other

gases, in a gaseous medium.

Aluminizing in the liquid medium is performed at 700-7200 for 1

hour, in a solid medium it is performed at 900-1050* for 6 hours and

in the gaseous medium it is performed at 1050* for 2 hours. The depth

of the aluminized layer = 0.1-0.4 mm.

SulfidizinG - saturating the component surfaced by 3ulfui' to im-

prove their finish machining. It is performed in sulfur salt baths.

Extensive use is made of a low temperature (125-250o) bath with the

composition: 40% Na2 S and 60% of Na2 S2 03 .

Diffusion chromizing - saturating the component surfaces by chrom-

ium - is performed in chromium containing liquid, solid and gaseous

media. Diffusion chromizing improves the wear resistance, high-temper-

ature corrosion resistance and corrosion resistance of the castings.

References: Hall, A.M., Nikel' v chugune i stali [Nickel in Cast

Iron and in Steel]. Translated from English, Moscow, 1959; Grechin,

V.P., Legirovannoye chugunnoye lit'ye [Alloyed Cast Iron Castings],

Moscow, 1962; Ushakov, A.D., Termicheskaya obrabotka chuguna [Heat

Treatment of Cast Iron], in the book: Spravochnik pc mashionostroitel-

nym materialam [Handbook of Machine-Building Materials], Vol. 3, Mos-

cow, 1959; Everest, A.B. and Nickel, 0., "Foundry Trade J.," Vol. 108,
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No. 2264, pages 515-522, 1960; Barton, R., I'B.C.J.R.A.Jj," Vol. 8, Nio. I
6,,pages 857-82, 1960; Borchers, H. and Haberi,, G., flGiesserelft [The

Foundry), No. 30, pages 1679-93, 1960.
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HEAT TREATMENT OF CHROMIUM - see Chromium.
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HEAT TREATMENT OF MAGNESIUM ALLOYS - heating, holding at specified

temperature and cooling at the specified rate of casting and shaped

semifinished products in order to change their mechanical properties

and structure, i.e., to increase the strength characteristics (dbl

60.2), plasticity (6, $, aH), to relieve internal stresses and workhard-

ening.

The capacity of alloys to be strengthened is determined by changing

the solubility of alloying components in the solid magnesium as a func-

tion of the temperature. A peculiar feature of magnesium alloys is the

low rate of diffusion processes attendant to phase transformations,

which requires prolonged holding when pre-qunech heating or aging. For

the same reasons it is possible to quench magnesium alloys in air,

they take on partial quenching attendant to cooling after hot pressure-

working and casting and can be artificially age hardened without first

being quenched. Retarded air cooling on quench hardening is accompanied

by partial decomposition of the solid solution of certain magnesium

alloys (ML4, ML6, MA5), which results in reducing their plasticity.

Alloys alloyed with zince with addition of zirconium and zirconium to-

gether with lantanum (ML12, ML15, VM65-1), have their strength increas-

ed by artificial aging directly after casting or hot pressureworking.

The strengthening effects on heat treatment of shaping semifinished

products from magnesium alloys is lower than that for products from

aluminum alloys. The increase in 6b usually comprises 10-20%. The high-

est strength increase is imparted to the MA1O alloy the db and 60.2 of

which are increased by 30%, with a reduction in 6 by 40-50%. Heat
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TABLE 1
Heat Treatment Regimes for'Shaping Magnesium Alloys

- T

1 2 CUA . 4 5 , 8
M apl .A A .- . 8 DNA mf ap

4,C) . m (.C) PA VC(': .I i

KC -my, A.I 20-350 0.5 JinOM 1
M-Mi NAt 320-150 0.1 TO.we

A Al -- -- - - 300--50 0.5 TXAo . . . 32"50s o.5 n;L co11" a
MAa-- MR N A2 230-280 a'1 ,

WAS 11S--2010 116-- 410--425 4--2 - -- r•"N~t- 1 2
UA 6 -160--180 04.1 fli,.cosamaius .

14 1 Ar1 175 24-14 46A5-00 4-B - - -
Ut-Th MAI- -- 200 16-12 550-560 2-- - - -

Mg--AI-A4 L UAIO 170--IO 2142-12 190-410 i--I -- -- --

*Air cooled.
**RZM means rare earth metals.

***Cold rolling with a compression of 5-10% is per-
formed between quenching and aging.

1) Alloy system; 2) brand; 3) aging*i 4) homogenization and quenching*;
5) annealing; 65 temperature (°C); 75 holding (hours); 8) kind of semi-
finished product; 9) and; 10) sheets; 11) same as above; 12) pressure-
worked blanks; 13) VM; 14) RZM.

TABLE 2

Heat Treatment Regimes for Cast Magnesium Alloys*
cup""o.f no AMro r OriNa romoB aumn e 3a-

2 O4- - - 0(T,).- 4 a -M i 30) (TO)• m on• M~aplu •' ,

,1 7 IsS -- -- 420 8-24 +40 B--a
- n- n - - 410 24-32 +190 46--

+O0 26-3!
r 7Z M 12 300 4-4 - - 400-- 00 2- 3

wilt 200 .- $ 530 9-12

Mg-Tb - 570 2
Kc- z' - P3Xl 11 ats' 30'o 2 -. . .

big--Th UI 14t 315 to -- --
Bralt . .. Z - +5'0 2

"__ _ _ _200 to

*Air cooling after all heating operations.
**Tl, T4 and T6 are conventional designations of
treatment reg"ies.

1) Alloy system; 2) brand; 3) aging from the cast state (Tl)**; 4)
homogenization with quench hardening (T4); 5) homogenization with
quench he.rdening and aging (T6);-6) temperature (°C); 7) holding time
(hours); 8) ML; 9) or; 10) end; ll) RZM; 12) VML1.
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treatment of sheets from the MA13 alloy (quench hardening and artifi-

cial aging after intermediate cold rolling with a compression of 8-10%)

perceptibly increases the creep resistance at temperatures in excess

of 250*.

The strength increase effect due to heat treatment of magnesium

alloys is higher for cast than for shaping alloys. The ultimate strength

is increased by 35-60% due to quench hardening and aging. The heat

treatment regimes for shaping and cast magnesium alloys are presented

in Tables 1 and 2.

In those cases when magnesium alloy castings are to be used for

making high-precision instruments, which requires dimensional stabil-

ity, use is made of special regimes of stabilizing heat treatment. The

most extensively used ML5 cast alloys, after being quench hardened ac-

cording to the regime given in Table 2, is subjected to stabilizing

tempering at 300-3200 for 10-25 hours, with air cooling and then to

cyclical stabilizing heat treatment (cooling to -70- --80 for one hour,

heating to 230-2500 during 4-6 hours and final air cool ng. Depending

on the dimensions and configuration of the component, f om 2 to 8

cycles are used. After the cyclical stabilizing heat tr atment the

casting is aged at 130-150* for 10-20 hours

When heat treating magnesium alloys they are heate in shaft-type

or box furnaces of the hotblast type with induced air circulation, in

a protective or neutral medium. Furnaces with a temperature adjustment

accuracy of ±50. Sulfur dioxide, in amounts of 0.7-1.0% of the total

air volume in the furnace space, can be used as the protective atmos-

phere.

References: see at the end of the article Magnesium' Alloys.

A.A. Kazakov, A.A. Lebedev

1908



III-33t3

Manu-
script (Transliterated Symbols]

No.

1907 P3M = RZM = redkozemel'nyye metally = rare-earth metals
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HEAT TREATMENT OF METALS- ensemble of heating, holding and cool-

ing operations, as a result of which the internal structure and, cor-

respondingly, the properties of metals and metallic alloys are changed.

Heat treatment of metals and alloys is usually* performed in those cases

When polymorphic transformations, limited and variable (increasing with

the temperature) solubility of one components in the other in the solid

state, change in the structure of the metal due to cold deformation,

take place.

Processes of heat treatment of the majority of metals and alloys

(including steel and pig iron) are based on the phenomenon of polymorph-

ism. The first result of polymorphism is recrystallization, which re-

presents a change in the crystal structure of the metal or metallic al-

loy, which takes place on heating or cooling to a specified temperature,

i.e., to a crtical point. Recrystallization is related to the appear-

ance of new crystal grains and determines the meaning of such processes

of heat treatment of metals as, for example, annealing and normaliza-

tion.

Annealing. Annealing creates conditions for the most complete pro-

gress of diffusion processes and for obtaining a relatively equilibrium

structure (see Normalization of Steel).

These metals heat treatment processes are most frequently used in

treating semifinished products, i.e., commercial grade rolled stock,

stampings, forgings or castings.

Quench hardening. Heating above the critical point, holding and

subsequent rapid cooling, as a result of which a stressed a!,d nonequil-
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ibrium structure is produced (see Quench Hardening of Stec'.).

Tempering. As the tempering temperature is increased, the rate

of diffusion processes is increased, whick results in gradual chanping

of the nonequilibrium (metastable) quench hardened structure into an

equilbrium structure (see Tempering of Steel).

The aforementioned main processes of heat treatment of metals

which have polymorphous transformations, can be depicted graphically

by diagrams in the "temperature-time" coordinates (Fig. 1).

Fig. 1. 'Schematic graphs of the Fig. 2. Cons Itruction diagram
main heat treatment operations. of a system of components A-B,
l.) Annealing; 2) normalization; which form aging alloys. 1)
3) quench hardening; 4) temper- Temperature, OC.

Sing to various temperatures. A)
Temperature, (OC); B) lower crit-
ical point; C) upper critical
point; 4) time.

Metallic alloys which do not undergo polymorphic transformations

can be subjected to effective heat treatment provided that they are

capable of aging. In'the general case, aging is observed in those metal-

lic alloys which, as a result of previous treatment, have acquired an

unstable, the so-called metastable structure, which is related primar-

ily to distortion of the crystal lattice. The metastable structure is

responsible for free energy level of the alloy which is higher than

for the stable structure for which reason, according to laws of thermo-

dynamics, transition of the alloy from the metastable to the stable

state is highly probable. This transition is related to~atomic displace-

ments and takes place with difficulty at room temperature, for which

1911... .
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I-II-34t2*reason natural aging proceeds over a lonri period of time, and some-

-'times does not come about at all. When the temperature is increased,

&tomic displacements are facilitated, for which reason artificial aging.

* is completed more rapidly and depends on the heating temperature.

* Technology makes use of aging which is related either to reducing

the internal stresses (which can bring about warping or cracks), or to

* . decomposition of supersaturated solid solutions (Fig. 2). After heat-

ing to the quench-hardening temperature and rapid cooling to the room

A temperature (quenching operation) the solid solution (y will have a

metastable structure, the quantity of component B dissolved in its crys-

tal lattice will not be that Lm) which corresponds to the limiting sol-

ubility at room temperature, but a larger quantity (n), which has dis-

solved when heating to the temperature t1. Usually pre-quench heating

is performed up to the temperature tl, dissolving in the solid solu-

tion the entire amount of component B present in the solution. The fol-

lowing mechanism can be suggested for this process: first diffusion of

atoms of component B takes place in the lattice of the supersaturated

solid solution and then they accumulate in specific sections of the

crystal lattice. The second stage of the process is the formation of

a new crystal lattice in the B component enriched sections; however,

this new lattice remains crystallographically close to the original

Smother lattice of the solid solution (the so-called coherent relation-

ship of lattices is observed). The third stage is the breaking away

of lattices from one another and formation of independent, quite dis-

perse particles of component B. The fourth stage is the enlarging (co-

agulation) of component B particles. In natural aging the decomposition

of supersaturated solid solutions usually ends at the first, and less

frequently at the second stage; the higher the heating temperature in

Sartificial aging, the shorter should be the holding time for obtaining
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the fourth, final stage. A superposition of individual stages is some-

times observed. An indirect indicator which determines the progress of

the aging process upon decomposition of supersaturated solid solutions

is the hardness; the coherent relationship of two different lattices,

as well as the precipitation of very disperse particles of the second

component, results in a sharp increase in the resistance to plastic

deformaticn, in an increase in hardness. However, if the first three

stages results in incr-asing the hardness of the alloy, the fourth

stage - coagulation of disperse particles, is related to a drop in

hardness. Consequently, the change in the hardness of the supersatur-

ated solid solution in the process of its aging will be characterized

by a curve with a maximum; here the extremum shape of the curve will

prevail in the process of aging at constant temperature and increasing

holding time, (Fig. 3a), as well as at a constant holding time and in-

1 2

1.I v c 2•,

Fig. 3. Change in the hardness of Fig. 4. Change in ob and 60.2
a quench hardened alloy, a) In as well as in 6 of workharden-
the aging process at constant tem- ed iron, as a function of the
perature; b) at various tempera- heating temperature. 1) kg/cm2 ;
tures, but with the same holding
time. 1) Hardness, 2) time; 3) 2) annealing temperature.
teuperature.

creasing temperature (Fig. 3b).

Heat treatment of workhardened (cold worked) metal is considered

separately. The crystal latticle energy level as well as the strength

increase after workhardening, but the plasticity is reduced. However,
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such a state after cold working is dynamically unstable. This results

in the fact that phenomena related to the removal of those distortions

of intracrystalline structure which have proauced the energy increase

will spontaneously take place in the metal in the aging process. In

the beginning, for an insignificant temperature increase (by 200-300*

for low-carbon steel) an insignificant increase in plasticity, which

is sometimes accompanied by a reduction in the strength of the cold

worked metal, takes place. These processes characterize the state of

recovery (or recovery) of the workhardened metal. When the temperaturc

is increased further, a high-rate process of reconstruction of grains

elongated in the direction of deformation into equiaxial, coarser

grains, starts. This phenomenon, which is called recrYstallRaticn, is

I accompanied by a substantial strength reduction and increase in the

metal's plasticity (Fig. 4).

The development of the technology of heat treatment of metals in-

volves the adaption by the industry of various methods for increasing

the surface hardness and strength of components, simultaneously re-

taining high ductility and plasticity of the core. Such a combination

of properties ensures high operational stability of many components

subjected to rubbing under dynamic loads (engine shafts, gears, cams,

etc.).

Heat treatment of metals which provides for surface hardening

can be divided into two varieties: casehardening, which involves heat-

ing the metallic components in an active medium, whose character en-

sures the required change in the composition of the metal's surface

layers; surface quence hardening, when the core of the component re-

mains cold, while the surface layer is heated to the hardening temper-

ature either by direct passing of electric current or by inducing high

frequency currents in the component, or by heating in a gas flame or
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in an electrolite attendant to the passing of direct current.

A variety of metal heat treatments ar. performed at machine-build-

ing plant:: annealing or normalizing of castings, forgingz and itamp-

ings; b) heat treatment, which consists in quench hardening and high

tempering (500-650'), which ensures obtaining a sorbite structure. A

special case is the heat treatment of standard and coil springs, which

provides for quench hardening and medium tempering (300-4500) to obtain

a troostite structure, which determines the high elastic properties of

the products; c) quench hardening and low te•.pering (100-250*) to a

high hardness (obtaining a martensite rtructure), which are performed

in heat treating tool steel. These operations are usually performed be-

fore finish grinding. Cooling to about -80' after annealing is some-

times used when Leat treating tools or carburied products; d) case-

hardening: carburization (one or two quenchings and low tempering),

cyaniding (quenching and low tempering), and nitriding (quenching and

high tempering). These operations are performed either successively,

one after the other (before finish grinding), or the surface satura-

tion processes and the heat treatment operations are separated; e) an-

nealing of white cast iron for oblainirng malleable iron; f) treatment

for dispersion hardening of aluminum and heat resistant alloys, and al-

so of some other alloys (high-temperature quench hardening and aging.

Components with special physical properties are subjected to com-

plex metal heat treatment processes, for example, in combination with

workhardening or the action of the magnetic field. Straightening,

which destroys warping, is performed after heat treatment.

If the heat treatment of metal involves high-temperature heating,

as a result of which the component's surface can oxidize appreciably,

then the furnace atmosphere is made neutral or protective.

Machine-building plants make checks of hardness and mechanical
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properties (usually in tension). In a number of cases the tests are

performed not only at room but also at elevated and reduced tempera-

turea. Finish heat treated components have their surface thoroughly
cleaned by washing, etching or sandblast with subsequent checking of

the surface for the presence of flaws.

References: Metallovedeniye i termicheskaya obrabotka stai [Metal

Science and Heat Treatment of Steel], Handbook, edited by M.L Bern-

shteyn and A.G Rakhshtadt, 2nd Edition, Vol. 1, Moscow, 1961; Gulya-

yev, A.B., Termicheskaya obrabotka stali [Heat Treatment of Steel],

2nd Edition, Moscow, 1960; Livshits, B.G., Metallografiya [Metallo-

graphy), Moscow, 1963; Blanter, M.E., Metallovedeniye i termicheskaya

obrabotka [Metal Science and Heat Treatment], Moscow, 1963.

M.L. Bernshteyn

Manu-
script
Page [Footnotes]
No.

1910 An exception is a special case of heat treatment which pro-
vides for special growing of large grains under high-temper-
ature heating (for example, heat treatment of transformer
and dynamo steel).

S..1916
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HEAT TREATMENT OF MOLYBDENUM- see Molybdenum.
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HEAT TREATMENT OF TITANIUM ALLOYS - hardening of titanium alloys

which contain elements of the P-stabilizer group (see Beta Stabilizers

of Titanium). Quenching retains in them unstable martensitic phases

and the A-phase (solid solutions), which decompose upon subsequent

aging, forming particles of more disperse phases. This results in a

substantial (in certain cases two-fold) increase in the strength with

attendant retention of the required plasticity minimum.

TABLE 1

Regimes of Hardening Heat
Treatment of Titanium Al-
loys (water cooling is
used in quench hardening
and air cooling is used in
aging)

Cuasaw 1 O± leaa . eb-
{*C 711Co) 1 0" .)

6 BT3* .... 880 650 3-tOBT, . . 150 110--500 2
0,BT-C . 80--20 450--500 2 .

3qT$ .... 3. 50 503--34 '--
BT9 ..... :00 500-600 --6
BTI4.........70 500 8-16

4TI&* . . . 6"0 540 t-12
!TI5e . g. 8oo 1) 480- 1) 115-25

s00
3 ) 560 2) Is 5 u,

T I . . . . . 1 90 ,oo00 16

*For components from semi-
finished products with cross
section in excess of 100 mm.
**• •o-stage aging without in-
termediate cooling.

1) Alloys; 2) temperature from which quenched (±10)
(;C); 3) aging; 4) temperature (±10 )( 0 C); 5)dura-
tion (hours; 6) VT; 7) VT6S; 8) min.

Following are. the holding time at the quench hardening tempera-

ture:
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aue' I , IA- o 2.1-'.J(i= 'aI' I A,,,I I

1) Sheet thickness (mm); 2)
up to; 3) more than; 4) hold-
ing time (min).

Both the mother solution and the hardening phases are varieties of ti-

tanium-base solid solutions, which is true of all the currently heat

treated alloys used in the industry. Titanium 1lloys with intermetal-

loid type hardening also exist.

The VT3-1, VT6, VT6s, VT8, VT9, VT14, VT15 and VT16 titanium al-

loys may be heat treatment hardened (quench hardening and aging). The

hardenability of titanium allcys varies: the VT3-1, VT6, VT6S, VT8 and

VT9 alloys are hardened through when the sheet thickness is up to 45

mm, the VTl4 and VT16 alloys are hardened to a sheet thickness of 60

mm, and the VT15 alloys is hardened to any thickness.

In addition to hardening heat tre'atment, titanium alloys are an-

nealed to equalize the structure and machanical properties [heating to

a temperature above the recrystallization point, but lower than the

temperature of the (a + 0)-p phase transformation and air cooling].

The annealing regimes for industrial alloys are presented in Table 2.
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TABLE 2

Annealing Regimes for In-
dustrial Titanium Alloys

T~u-ra o.ujwpa 4?.-

)A C j~D

T ~ 6 1 0 BT5-1 750 mAOL'
BTI.I. RTA

OT4 670 750 'TO)

510

0T4-2 700 650 BT14') 750 754
BT3t. 1) - 670, BTIS 300 SO0l

3T3.l S) 80 11T 1T6*)1 #780 7s0
ST4 700 750 5

1) Isothermal annealing: heating to 870 ± 150, holding, cooling with
the furnace (or transfer to a furnace) with a temperature of 650±
1: 15", holding for 2 hours , air cooling; 2) for short duration opera-
titons at elevated tem~peratures; 3) to increase the plasticity it is
permitted to perform annealing at 8500, holding; furnace cooling to
7500, holding for 30 minutes, air cooling; 4) double annealing; hold-
ing at 5900 for 1 hour and holding at 530* for 6 hours; 5) to increase
the plasticity it is permitted to perform isothermal annealing at
845*, holding, furnace cooling (or transfer to another furnace) to
6500, holding for 30 min; air cooling; 6) furnace cooling at a rate of
2-30 per minute to)4000, then air cooling. A) Alloy; B) annealing tem-
perature (±100)(OC); C) sheets and components made from them; D) bar
stock, forgings, stampings, pipes, shapes and components made from them;
E) VT; 6) VT6S.

The hclding times at the annealing temperature are as follows:

Trajnuma itn I o I A- .6- 2.1-F ýB6.eJj (Mm) 1.5 I .0 I6.0 5i

piwpi' (mNa..I 15 20 25 90

1) Sheet thickness (mm); 2),
UP to; 3) more than; 4) hold-
ing time (min).

Annealing can be performed in stages, with intermediate air cooling,

or it can be isothermal, when the product is transferred to another

furnace without intermediate cooling. The temperature of the upper

stage is by 30-8co and of the lower stage by 300,4000 lower than the

1920



III-36t3

phase transition temperature; cooling iS to room temperature in air.

TABLE 3

Temperatures of the ((a +
+ )-P] Phase Tran~forma-
tion of Titanium Alloys

lC w Town-noa j : 
2

T e : •. 'll l I v D• O Ii?' .' 2 0 g R

Tes.r M. it AM0-90n •HTS .... j 370-1t 0

ITI4I ... is0 Ja

OTI ........ I2r,--t 00,11"I4 .. 211--AOl
itr, ........ t I 10- BT, 5. . 750.-04,0

1) Alloy; 2) temperature
( C); 3) industrial titan-
ium; 4) VT.

Due to the sensitivity of titanium alloys to contamination by at-

mospheric gases at high temperatures, heat treatment and heating for

pressureworking must be performed upon conformance with the following

recommendations. The components and semifinished products should be

TABLE 4

Incomplete Annealing Tem-
peratures for Titanium Al-
loys

CaI--n, DJ I C T,

HTI-I. BTI-2 445 lTS ..... . . 00
tT3-I. .T9 . . . 525 in T5-1. BT5. . . 6-2

oT, ......... I...,54.. . ,.
0T4 . 6 T47;00

1) Alloy; 2) annealing tem-
perature (±20 0 )(*C); 3) VT.

heated only in electric furnaces with automatic adjustment and record-

ing of the temperature. Heating in saltpeter baths and diesel oil

fired furnaces is not permissible. To prevent scale formation, it is

recommended that finished components and sheets be heated in furnaces

with a protective atmosphere of neutral gases. Sometimes annealing is
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used for relieving internal stresses which formed as a result of ma-

chining, sheet pressworking, welding, etc. The incomplete annealing

temperatures are given in Table 4 (the holding time comprises 30-60

minutes).

References: see at the end of article Titanium Alloys.

S.G. Glazunov
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"HELIODOR- see Beryl.
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HEKATITE - an extensively prevailing iron mineral, one of the ma-

jor iron ores, contains up to 70% of iron, up to 13% SiO2, sometimes

Ti0 2 , MgO, FeO, Mn0 and H20. Widely known in the USSR are hematite ore

deposits of the Krivoy Rog (Ukrainian SSR), Kursk magnetic anomaly, and

also deposits on the Urals and in Siberia. Hematite is brittle, not

cleavagable, has subconchoidal fracture. The color of hematite is iron-

black to dark-steel and cherry red, frequently with mottled iridescence;

the thinnest (0.1 microns) hematite flakes are yellow colored in pass-

ing light; as the thickness is increased the color changes from reddish

brown to deep cinnamon red and then to blood red. Several varieties of

hematite are encountered in nature: iron glance, micaceous hematite,

red iron ore. When heated from 650 to 10000 all the varieties of hema-

tite become brown or dark-violet, and above 10000 they become black. and

grayish-black. Mohs hardness 5-6.5, specific gravity varies from 4.914

to 5.247, depending on the temperature, specific magnetic permeability

70"10O-6 cm3/g, electrical conductivity 3"10-4 ohm-l-cm-l , relative con-

du:tivity 2.23, dielectric permeability 81.0, dielectric constant 25.0,

specific electric resistivity 106-108 ohm-cm; electrical resistivity

1430-6500 ohms. Thermal expansion of hematite: 7.61 parallel to the c-

axis, 7.71 perpendicular to the c-axis, specific heat: at -180*-0.171,

at O-0.61, at 2000-0.79, at 800e-1.08 joule/gram, thermal conductivity

coefficient at 300 parallel to the c-axis-121, parallel to the c-axis-

147 watt/cm'degree'10- 3 , specific thermal conductivity cf compressed

hematite powder at 200e-0.00411, at 400o-0.00189, at 8000-0.00294 cal/

/sec.cm2. degree. Formation heat of hematite 192.-194.4 kcal, decomposi-
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tion temperature 1350-1360'. Hematite is a detector and it is polymor-

phous: a-Fe2 03 is paramagnetic, y-Fe203 is ferromagnetic. Hematite is

capable of emitting infrared rays (in the 800-12000 interval), does not

fluoresce or luminesce. It resists ammonia, brome, fluoride (in the

cold), water solutions of iodine, water, oil, alcohol, alkalis, sun-

light and atmospheric factors. It decomposes in HC1, HF, HBr, H2 S0 4 ,

HNO 3 (very weakly), in warm solutions of brome, ammonium acetate, when

heated with F, Cl, S (red heat), H2 S (white heat). Hematite has cata-

lytic properties. It has been obtained artificially. Pig iron is smelt-

ed from hematite iron ores. Hematite is used: in the lacquers and

paint industry as mineral pigments (Prussian red, red ocher), for the

making of wallpaper and oil paints, and as a mineral filler to impart

strength to the paint film; in the production of oil cloth, leatherette,

linoleum, red pencils, art type characters, fast colored enamels; as a

natural abrasive for polishing of sheet glass and mirrors, as a finish-

Ing stone, as a crystal detector in radio engineering.

References: Betekhtin,. A.G. Mineralogiya (Mineralogy). Moscow,

1950; Trebovaniya promyshlennosti k kachestvu mineral'nogo syr'ya (In-

dustrial Requirements Put to the Quality of Mineral Raw Materials]. 2nd

edition, Issue 48; Vaynshteyn, E.S., Prirodnoye krasochnoye syr'ye [Na-

tural Raw Materials for Paints]. Moscow, 1961.

V.I. Magidovich
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HERBERT'S PENDLMUM - an instrument for determination of metal hard-

ness by the oscillation method. It consists of a massive (4 kg) arch-

Fig. Herbert'a pendulum.
1) Tip; 2) test specimen;
3) scale.

sahped pendulum (Fig.), which is supported on a steel or diamond ball 1

mm in diameter, which is placed on a strictly horizontal surface of the

specimen to be tested. The Herbert hardness number is measured by the

time (in secs.) of ten complete oscillations of the pendulum (Hz) or by

the amplitude of the first deflection of the pendulum (Hsk), which was

raised through a specified angle which is recorded on the instrument's

scale. The Herbert hardness is approximately related to the Brinell

hardness number by the empirical formulas:

Hz= 0.08 HB + 7.6 (for a steel ball)

HB= 13.5 Hz (for a diamond ball).

References: Avdeyev, B.A., Ispytatei'nyye mashiny i pribory [Test-

ing Machines and Instruments]. Moscow, 1957.

I.V. Kudryatsev, D.M. Shur

. ! 1926
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HERMETIC ALUMINUM CASTING ALLOYS - see high- and medium-strength

aluminum casting alloys.
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HE1RETIZERS- polymeric compounds (cements, pastes, viscous

fluids), which are applied to riveted, bolted, and other Joints of me-

tal structures, instruments and units to ensa•re their impermr 'ility.

Hermetizers work~primarily under the action of tensile forces attend-

ant to periodic loads of relatively short duration. The following re-

quirements are put to hermetizers: elasticity, high adhesion to metals

and other materials, heat and frost resistance, resistance to the effect

of working media. Hermetizers should not bring about corrosion of me-

tals, be easily applicable to the surfaces which are hermetized, not

require prolonged drying or the use of high temperatures and pressures

for solidification, etc. By their external appearance, physical and

mechanical properties hermetizers are subdivided into cements (nondry-

ing and drying), self-vulcanizing pastes and film hermetizers. Usually

a combination of various types of hermetizers is used.
Cements - highly viscous plastic materials, consisting of polymers

with linear structures (Thiocol, polyisobutylene, etc.) and mineral

fillers. As an example we can cite the U20A cements (TU MKhP 3572-54)

and the Thiocol packing cement (TU MKhP 1391-51), which has the follow-

ing properties: softness 10-25 secr., strength of bound with metals

(shear strength) 0.15 kg/cm2 , swelling after 24 hours in water 2.0%, in

a mixture of gasoline with benzol 3.0%, interval of working temperatures

±506. In hermetizing riveted or bolted Joints cements are used together

with a packing strip, which is a strip of cloth covered from both sides

by a thin cement layer. The strip is placed between the components

which are Joined, then they are assembled, the Joint thus formed is
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additionally hermetized by the cement, which is applied in the form of

packing cord and is packed by a roll. The advantage of this group of

cements is the simplicity of hermetization and the absence of delays in

the production process. Shortcomings of cements are: unstable hernetiza-

tion of Joints in the process of operation and limited thermal stabili-

ty, which is to a large extent eliminated by the use of drying or vul-

canizable cements. Heat-resistant-polymer based cements which, after

vulcanization, can withstand the prolonged effect of temperatures of

250-300 are known. The production process which uses cements is sub-

stantially complicated by the need of heating for their vulcanization,

Self-vulcanizing pastes - liquid or viscous fluid compositions

consisting of liquid polymers and mineral fillers, which are capable,

under the effect of vulcanizing agents, to be transformed into elastic

rubber-like materials at room temperature. Disure stable hermeticity of

structures in a wide temperature range and do not require heating. De-

pending on the consistency, they are applied to sections to be hermet-

ized by a spatula, sprayer or brush. Unlike cements, pastes are capable

of providing reliable hermetization even without a hermetizing strip

between components (so-called "surface hermetization"), which apprecia-

bly simplifies the assembly process. Self-vulcanizing, liquid thiocol-

based hermetizers, which vulcanize without shrinkage, have a high ad-

hesion to metals, elasticity, resistance to the effect of gasoline,

kerosene, oils, resistance to light and ozone, water resistance, which

do not bring about corrosion of metals, have come into extensive use.

These are the properties of the following hermetizers: U-30M (VTU UT

949-52), UT-32 (VMU UT 1066-60); UZO MES-5 (VTU STU 55-302-61), etc.

Following are the properties of the U-30 and MES-5 hermetizers: con-

sistency-paste, dry residue 100%, service life 3-10 years, vulcaniza-

tion duration at 200 24-48 hours, color black, specific gravity 1.4,
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2ultimate tensile strength 20 kgJcm , relative elongation 250%, adhesion

(separation force) 2-4 kg.cm, working temperatures range from -600 to

+150".

Of considerable interest are liquid polysiloxane-based self-fulcan-

izing hermetizers, which by their mechanical and production process

properties and the methods of utilization are close to liquid Thiocol

based hermetizers, but differ from them by their high thermal resist-

ance. They can operate for long periods of time in an air medium at

2500, do not have the necessary resistance to gasoline and kerosene...

Self-vulcanizing paste-like hermetizers are used extensively in the

aircraft, rocket, shipbuilding, automotive and other branches of

technology. Self-vulcanizing hermetizers (particularly polysiloxane),

• due to their elasticity, softness, water resistance a:id high dielectric

properties, which are combined with the ability to vulcanize in the

cold, are extensively used in radio engineering to protect various

ec•,-ronic circuits from moisture and external effects.

FiL.m hermetizers are used either in the form of polymeric films

which are placed between components to be Joined and which ensure their

" hermeticity by their adhesive property and plasticity, or in the form

of solutions of polymers in organic solvents, which are applied by a

brush to sections to be hermetized. In the first case hermeticity is

achieved ,by precise finishing of components and small gaps, in the

second case after the evaporation of solvents a film is formed which

.has a good adhesion to the metal, strength and elasticity. Hermetizers

of-this type are such as: VGK-18 (VTU-30-54), TEI (VTU MKhP 3284-52),

"RA-6 (TU MKhP 4082-56), which have the following properties: viscosity

according to VZ-140-80 secs, dry residue 14-18%, ultimate tensile

* * 2strength 100-200 kg/cm2, relative elongation 150-250%, adhesion (break-

2. " away strength) 15-20 kg/cm2, swelling (after 24 hours) in a mixture of

1930 --.
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gasoline with benzol 0. 5-1.0%, in kerosene 0.1%, in water 12-14%, work-

ing temperatures interval ±600. Usually hermetizers are applied to

structural elements by a brush in several layers, in certain cases it

is convenient to apply hermetizers by pouring (for exdmple, when hermet-

izing vessels with a large number of riveted Joints), wnich createz a

unifor-,n continuous "facing" of the entire internal surface of the

structure and ensures its impermeability. Film hermetizers are usually

used in combination with other kinds of hermetizers.

N.B. Baranovskaya
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HETERO-CHAIN SYNTHETIC FIBER - fiber from synthetic polymers, the

macromolecular chain of which, in addition to carbon atoms, also con-

tains atoms of oxygen, nitrogen, sulfur, silicon and other elements.

The most widely used fibers of this class are polyamide and polyester

fibers, polyurethane and polyaminotriazole fibers being less widely

used. The starting polymers for hetero-chain synthetic fibers are ob-

tained by condensation polymerization of bifunctional chemical com-

pounds (aminocarboxylic and hydroxycarboxylic acids and dicarboxylic

acids with diamines and diatomic alcohols, etc.) or by converting rings

(lactams) into linear polymers. Hetero-chain synthetic fibers have a

high strength and, as a rule, a circular cross section. They are pro-

duced in the form of standard and high-strength filament thread, staple

fiber, monofiber and bristle. Unlike carbon-chain synthetic fibers,

hetero-chain synthetic fibers melt at elevated temperatures without

decomposition, are more heat resistant, absorb more moisture, are

easier to dye, have a higher resistance to the action of organic sol-

vents (with the exception of certain phenol-type compounds), but are

less resistant to concentrated solutions of acids and alkalis.

For properties and utilization of individual hetero-chain synthetic

fibers see Polyamide Fiber, Polyester Fiber, Polyutherane Fiber and

Polyaminotriazolic Fiber.

References: Rogovin, Z.A. Osnovy khimii i tekhnologii proizvodstva

khimicheskikh volokon (Fundamentals of the Chemistry and Technology of

Chemical Fibers Production]. 2nd edition, Moscow, 1957; Korshak, V.V.

and Vinogradova S.V. Geterotsepnyye poliefiry [Hetero-Chain Polyesters),

Moscow, 1958. E.M. Ayzenshteyn
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HIGH-ALLOY HEAT-TREATABLE STRUCTURAL STEEL - steel which can be

hardened by heat treatment and contains more than 3% alloying elements.

It is used in the manufacture of extremely critical machine components

subject to considerable static and dynamic loads. In addihion to high

mechanical characteristics, •this type of steel has Sood hardenability,

which makes it possible. to strengthen components with large cross-sec-

tional areas by heat treatment. As a rule, these steels anneal compar-

atively poorly and are more difficult to cut than other structural

steels. Table 1 shows the chemical composition of high-alloy heat-

treatable structural steels, while Table 2 shows their mechanical char-

acteristics.

TABLE 1

Chemical Composition of High-Alloy Heat-Treatable
Structural Steels (GOST 4543-61)

.1 1____ 1 apyNIF C u n C 
••r

20XH3A . ... .. 0.17-0.24 0.3--.1 0.--0.9 2. h-3.2 -
5 30X)H1A . 6...... 0.27--G.34 0.1-0.6 0.6-0.3 2.1-3.2

37XHIA 44 ........... 0.33-0.41 0.25--. 55 t .2-t1. .1.0-3.5
0.29 7 -0 0.- 0.5 0.--1.1 2.5--3. 0.2-0.3

2OXH40A 8... ... 0.17-0.:1 0.25-0.55 0.7--.1 32i.'-.'.5 .51--.30ov
920X2HMA ...... . 0.16-0.22 0.3--.e i .25-( 1: 3.3-.;.-.-

i - . . I .t3-- .5 4 .0-4.5 0.8-t.2 W
11 85XHBA (25X2JfBA) . . 0.21-0.28 0 25-0.55 1.3S-1.65 4.0-4.5 0.0-1-.2 W

S0XH2MA30 . .. . .0.21--0.33 0.3-0.6 0.6-0.0 2.0-2.A 0.15-0 10 V.
0XH2 A . ... 2-0.3Mn.

13 0.s-4.e w
45XHM'SA 1 .... ... 40.2-0.50 8.5-0.8 0.8-1.1 1.3-1.1 f. 1--0.2 ,'.

0.2-0.3 Mo

*The S and P contents should not be more than 0.025%
each; the Si content ranges from 0.17 to 0.37% in each
type of steel.

**This steel is not provided for in GOST 4543-61.

I Steel; 2) contont of elements (%); 3) other elements; 4) 20KhN2A;
30KhN3AJ 6) 37KhN3A; 7) 33KhN3Ma; 8) 20N:4FA; 9) 2o0.2N4A; 10)

18 A (l8KhNVA); 11) 25KhNVA (25Kh2N4VA); l2J 30OKhN2MFA; 13)
30KhN2VFA; 14) 45KhM•YA.
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TABLE 2

Mechanical Cha'acteristics of High-Alloy Heat-
Treatable Structural Steels (GOST 4543-61)

CVf Ttpm . nap&rnwa 2j ( • I3 . 1 1

S0XH3A 6 31a" a $201 a mem; 5lt 95,to 222uPN 500. it,, J s , s t :
$0XH3A _ aasua C 620* a macne; oU)cH fie so .1 so a 241

7"'"•p 183* 3 0"emt 820" It awqe§ OTUTC 11 i t o to0 so S 249
8$XH31 A* 3gs.AN.a S20 a e; Mc c"nc 0 i tS 100 12 50 6o -

np. 600--50" • r

2061214A 1 0  I-I lwanlIR C 160 a ua Mrn. .- 0 21 t120 Ito I 45 6 266"sawni C 780*: MTACn "po oa*+a
11 2OXH3OA 3m..aiga 0 850* a macac; o'uYcg to ?0 12 so tO 266

apa 630 *
pWA I.E aa C OW a 3m" enema I-* 2-.mi. If15 85 12 so to 266

(1&X2H43A) .agwa C 8?5I0 iansayzxe OTUJCH
npNs lit0*12 1.,..x.a.. ?450" s8 swnrxtze. 2-R fps to 12 50 12 -

Dam flH4 C 806i m mace; OUryi
1 npI 525-575- Ir

*SXHPA 13 • Ptm a C !50- a manc:; onyc 1 It IS It 45 I 269
J 2512H148W nim A"So60
.. OXI2MNOA J, Zij~a Cne U sacne; e 6ruYCK 9 80 s o t 40 I 241

. 0xH2110A I hIpm 6140*
4*XHMM A* I 3asaawa C 860 a macle; ofrnytc 135 .35 4 291

16 I pH 460"

-""is steel is not provided for in GOST 4543-61.
**After annealing or high tempering.

teel; 2) h .eat treatment; 3) kg/mm 2; 4) a (kg-M/cm2); 5) Hb (N/mm 2);
)20KhN3A; h) 3tKhN3A; 8) 37KhNA; 9 33KhNA; ) 20Kh2N •- 2

20KhN4FA- 12) 18KhNVA (l8Kh2N4VA3; 13 25KhNVA (25Kh2N4VA); 14) 30KhN-
2MFA; 151 3OKhN2VFA; 16) 45KhMMFA; 17) quenching from 8200 in oil, tem-
pering at 5000; 18) quenching from 8200 in oil, tempering at 5300; 19)
quenching from 850 in oil, tempering at 600-650°; 20) 1st quenching
from 860" in oil, 2nd quenching from 780*, tempering at TS0 ; 21)
quenching from 850*-n oil, tempering at 6300; 22) 1st quenching from
9500 in oil, 2nd quenching from 850' in air,. temp .ring at 1800; 23)
Ist quenching T-rcn 950O in air, 2nd quenching frcn 8600 in oil, temper-
iq at 525-5750. 24) quenching from 8500 in oil, tempering at 5600. 25)
quenching. from 860* in oil, tempering at 6800; 26) quenching from 6600
in oil, tempering at 4600.

J0 ,I I,•

w no

too.e• SW•

Fig. 1. Influence of tempering temperature on the mechanical charac-
teristics jf 20KhN3A steel. 1) kg/mm2 ; 2) tempering temperature, *C;
3) kg-m/cm

Figures 1-5 show the mechanical characteristics of high-alloy

heat-treatable structural steel of various types as a furction of tem-

193•4
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40

1 ~ -1 i

to 4

Fig. 2. Influence of tempering temperature on the mechanical character-
istics 2f 37KhN3A steel. 1) kg/mm2 ; 2) tempering temperature, *C; 3)
kg-rn/cm.

pering temperature. The Ni content increases the viscosity of the steel

and improves its plasticity across the grain. Addition of Mo and W re-

duces the sensitivity of the steel to temper brittleness and improves

the characteristics of large forgings. Addition of Ti and V promotes

production of a fine-grained structure. Steels of this type containing

an increased quantity of Cr and additions of Mo, W, and V have an ele-

vated heat resistance. The presence of Mo permits prolonged operation

of :uch steels at temperatures of up to 400-4500 with minimal loss of

plasticity and viscosity. The weldability of high-alloy heat-treatable

structural steels is determined principally by their C content; it must

be kept In mind that, as a result of their h'.gh hardenability, a harder

zone with a tendency toward formation of cold welding cracks is formed

parallel to the weld. Despite certain difficulties, all these steels

except type 451DIWFA can be welded when preliminary and subsequent heat-

ing is employed; it is best to use argon-arc and arc welding. Gas weld-

ing, which produces a large heating zone, is not recommended. High-alloy

heat-treatable structural steels have a relatively low cold-shortness

temperature; components fabricated from these alloys function completely

satisfactorily at temperatures of down to -700. During manufacture of

thick-walled fcrgings or large-diameter bars steel generally Jisplays

1935
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a tendency to formh floccules, this being an uncorrectable defect; when

floccules are detected in even one forging all the forgings produced

from the melt in question Lre usually rejected. This defect can be pre-

vented by slow cooling after hot deformation or by special annealing to

remove H, which is the principal cause of floccule formation.

-, ,- [• --1'-

•,$oc - ! ,,,'1

*40. 2-a--

Fig. 3. Influence of tempering tem erature on the mechanical character-
istics of 33KhNV3A steel. 1) kg/mr5; 2) tempering temperature, -C; 3)

* s.

121

Fig. 4. Influence of tempering temperature on the mechanical character-
istics of l8KhWVA steel. 1) kg/mm2; 2) kg-r,/"cm 2; 3) tempering tempera-
ture, 0C.

t00

103

Fig. 5. Influence of tempering temperature on the mechanical charac-
teristi s of 25KhNVA steel. 1) kg/mm2 ; 2) tempering temperature, *C; 3)S kg-m/cms.
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TABLE 3

Ultimate Strength and Dura-
bility of High-Alloy Heat-
Treatable Structural Steels

"249LA I I (at

COXHA' 3. 4 7a

@ 41X,1A 3 o I7 .1%JIA 04

*4,, 0,.,,5 ,.' +

4. 1 1 li I5 X IJA IS 44 b

*T•sts conducted by bend-
ing rotating specimen (ac-
cording to data. of various
researchers).

fl Steel; 2) kg/mm2; 3) 20KhN3A; 4) 30KhN3A; 5) 37KhN3A; 6) 33KhN3MA;7) 18KhNVA.

TABLE 4

Mechanical Characteristics of Certain Types of High-
Alloy Heat-Treatable Structural Steel at Elevated
Temperatures

T nT. a4 C)

° T" .Tu . OPGOOM 3 co22, 300 1"400f° 4"501 :o0 $, 4

SXIS3A 3+'"+'"" a" ° '' ito"aJ I 301 II -1 - I a: 3
fl7CH ap 53P 8 (NAla. AL

33X NINA13a4waaa e 140.; at. 06 (MR. Aa) 97 32 931 S6 62 1 -6 4:

_ 71_ •__so I76 p 1o ., (ae. t.., 1 6 7o 71 - a
j '-) Ig I 1 I0 15. 912 (% I 1 la 1: T 15 r2 t

IaXHBA 3amsua 50 I'*') 826 1 22 1114 InS tO 7 -Ia I 31 7 I3 72m; wroyCH ( ,,,) .' - to 0 4 3 o 34 1-
10 (90- 6 1~6 A(~ ' .14 - 121 It O 1 0 A I -I _ _ _ _ *, (Art,, i• 7ea 26 20 12.4 3.4'g.,n' (at'am.J 2"'3 0 II. .

I) Steel; 2) heat treatment; 2) characteristics; 4) temperature (*C);
5) 37KhN3A 6) 33KhN3MA; 7) 18KhNVA; 8) quenching from 8400, annealing
at 5350; 9i quenching from 8600, tempering at 640"; lo) quenching from
8800 in oil, tempering at 5600; 11) kg/mm2; 12) kg-m/cm2 .

The most widely used of these steels are 20KhN3A, 30WnN3A, 37KhN3A,

33KhN3MA, and ]8KhNVA; type 18KhNVA is also employed as a cementable

steel (see Cementable structural steel). Table 3 shows the ultimate

strength and durability of these steels at 200.

The mechanical characteristics of high-alloy heat-treatable struc-
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tural steels at elevated temperatures are shown in Table 4.

Steel of type 33KhN3MA is widely used for extremely critical corn-

ponents, including large components operating at temperatures of up to

* 450"; such components are quenched and high-tempered before use. Table

* 5 shows the mechanical characteristics of 33KhN43MA steel at elevated

temperatures (the specimens were quenched and tempered to a hardness
2HB of 293-311 kg/mm ).

TABLE 5
Mechanical Characteristics of 33KhN3MA Steel at
Elevated Temperatures*

4 , 3 ";+'+) .;l 7 "pt 775 - 7S• . .I S I+ I) 9 IS IS :S 4,8 - I
I4 2 ;6 844 64 6 7 - 7,-tz l" l.." .I l I .o to 6, 11 7

/ . - I i . . .. .I 710--afit 7 - 5
*I,(.g+• M 'l, ) .. - I - - I II0-+I + 1. -

In. ' I - - - , . 3 .
2- -. 00 7.8 3.

*d1. ., &U,. t. - --t--- 344 1,, 3.12 -3 if to.2B IO '(' "•t 1 '11 2".071 1,96 - .74 -

-Wpecimens cut in the tengential direction from
a disk 1106 mm. in diameter and 50 mm thick.
l) Charactlristic; 2) temperature (0C); 3) kg/mm2 ;

4kg-m/cm.

so so 0,.18. 530

It -0 1- 4 -
I I-p,,,• Ima

i- tto÷ T o I.

10 4l I _ I SO

Fig. 6. Influence o blank diameter on the mechanica characteristics

of 3OKhN3A steel after qunhni il (left) and in water (right) and
tempering at 580~60.1 kg/mmg;2 ln imtr mm; 3) center; 4)

Table.6 and Figs. 6 andi 7 show the mechanical characteristics of

high-alloy heat-treatable structural steels as a function of the thick-
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:'so ISO78

1 ¶o 0.¶~l~ 1 0
, 40 so to to 0? "0 !

2 A " "cWO 'm

Fig. 7. Influence of blank diameter on the mechanical characteristics
of 37KhN3A steel after quenching in water and In oil and tempering at
5400. The dash line represents quenching in oil and the solld line
quenching in water. 1) kg/mm ; 2) blank diameter, rMM.

TABLE 6
Mechanical Characteristics of Quenched Thick-Walled
Components Fabricated from High-Alloy Heat-Treat-
able Structural Steel

1. 2 no 'e- :: I
7, -19 t wo. -le toAs 5 m (e)

2XIA 3N131 C SO() Its • a ye• . 1 lIi .10 18 1 0 I s 12 Io

r"ToycH firm 660* 11 Towep Is IO IS 1 121 It
nl•. npa 4O00 . 200 100 80 18' 6

2OXH3A :lAK.AA.A C e 20" W*Cne; O- .'2 riNyTC.. So 100, 50 ( ,
fnyrm npo 400-S001 13 Ue,,rp a2 10o 87 20

3An npA•aac 82A" . uacae or. V2 pszEica 2S 103 04 21 -

• • •7I5 74 2.1 ,o , , :
IS$ 0 t4 10 20 -

| I . 200 82 41 11 -

33XH3MA 1l'0um.mAN:uRnnim IN " 5 ,. Uewtp 30 f0S1 :5 12 I0
I ,AAWA c pisi a 3 jCv'. .- 1V2 1a.0 Yca so 0110 4

9 oa.ri op SPO-GOe ma U*wp 51 0 Is 6 2 121 It
3UyR oeu hn .am 120 lo 82 -- -15 Uem 121 to: 1 2

e.l",ip 2M10 100 32 10 6
Snosp rm•rm 240 104 go

Itenp 240 t00 go 10 6

10 !am ae C A jir'O", 1 2 1 :Is a 1 2

1) Steel; 2) heat treatmenti 3) area of component cross-section from
which specimens were cut; 4S component thickness (mm); 5) kg/mm2 ; 6)
kg-m/cm ; 7) 25Jh'INA; 8) 20KhN3A; 9) 33KhN3MA; 10) 18KhNVA; 11) quench-
ing from 8600 in air, tempering at 6600; 12) quenching from 860* in oil,
tempering at 6000; 13) quenching from 8200 in oil, tempering at 400-
5000; 14) quenching from 8200 in oil, tempering at 5400; 15) normaliza-
tion at8500, quenching from 8500 in oil, and tempering at 580-600° in
air; 16) quenching from 860-870° in air, tempering at 150-170"; 17)
center; 18) the same; 19) 1/2 radius; 21) surface.

ness of the heat-treated component.

Table 7 shows the physical characteristics of high-alloy heat-

treatable structural steels.
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TABLE 7
Physical Characteristics of
High-Alloy Heat-Treatable
Structural Steels

C~mC( ) 2' o

Aq AAAqC

5" lS t 7#11 7NOW tt

I XIIJA2! 115 77 III.' n.n) (•,i6 3. H3A ?I70 . ,6 iI Eii*
,3XH3NMAI 7 20 7911 ii.f il (iiit.1

8 25XHUA 7110 720 Io.7 O,.OS (41•I ' )

1) Steel; 2) critical points0•C; 3) Xfcal/cm'sec.°C); 4)

20KhN3A; 5) 30KhN3A; 6) 37-
KhN3Ai 7) 33KhN3MA; 8) l8KhN-
VA; 95 25KhNVA.

As a result of the need to conserve Ni many types of high-alloy

heat-treatable structural steel are being replaced by nickel-free or

low-nickel steels (see Low-nickel structural replacement steel). For

thin and moderately thick components almost all types of high-alloy

heat-treatable structural steel can be replaced by medium-alloy steel

(see Medium-alloy heat-treatable structural steel).

References: Spravochnik po mashinostroitel'nym materialam (Hand-

book of Machine-Building Materials], Vol. 1, Moscow, 1959; Avtomobil'-

nyye konstruktsionnyye stali [Automobile Structural Steels], Handbook,

Moscow, 1951; Liberman, L.Ya., Peysikhis, M.I., Spravochnik po svoy-

stvam staley, primenyayenykh v kotlotrubostroyenil [Handbook of Charac-

teristics of Steels Used in Boiler and Pipe Fabrication], 2nd Edition,

Moscow-Leningrad, 1958; Metallovedeniye i termicheskaya obrr- tka stall

(Metalworking and Heat Treatment of Steel], Handbook, edited by M.L.

Bernshteyn and A.G. Rakhshtadt, 2nd Edition, Vols. 1-2, Moscow, 1961-62;

Mes'kin, V.S., Osnovy legirovaniya stall (Principles of the Alloying of

Steel], Moscow, 1959.
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HIGH- AND MEDIUM-STRENGTH ALUMINUM CASTING ALLOYS - the Al-Si al-

loys AL2, AL4, and AL9. These alloys, as well as ALil, are used t.n the

modified state (see Silumin).

The silicon forms an a-Si eutectic (where c is a solid solution of

TABLE 1
Casting Cha.racteristics of

-4- AL2, AL4, and AL9 Alloys

,na• .' .l . a I *B . 6°' I

-" " -0 ' 1) Alloy; 2) liquidous; 3)

Phase diagram solidus; 4) flowability; 5)
of Al-Si sys- volumetric shrinkage; 61 lin-
tern. 1) ZhS; ear shrinkage; 7) AL2; 8)
2) eutectic. AL4; 9) AL9.

silicon in aluminum) containing 11.7% Si (Figure). As can be seen from

the phase diagram, Al-St alloys are similar in composition to eutectic

alloys and consequently have good casting properties. Binary aluminum-

silicon alloys, however, do nc•: provide the requisite strength, since

silicon does nct form. hardening compounds with aluminum. Magnesium is

consequently added to Al-Si alloys, formin Mg~i wth the silicon and

making it the alloys hardenable by heat treatment. Manganese is also

added to reduce the detrimental influence of iron, forming a stable

compound with the aluminum, iron, and silicon; this compourd crystal-

lizes in compact round grains and does not embrittle the alloy.

AL2 alloy has distinctive casting properties. Just as other Al-Si
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TABLE 2
Change in Mechanical Pro-
pertles of AL2, AL4, and
AL9 Alloys as a function
of Casting Diameter

~ lansw p 13 rs I
Can". Mi~'

AJ12 (viun uii.- Is Is .sI b i

1•' O 5 112.11 Im ?

POI41MNW. A•roa) 30 131.0 2.4

1 11.2 1.5

A.14(vo.pmo00eiI II 2. 5.0

• .:. pl ra llu) 30 22,2 4.0
•4 1o.2 2.2
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I• Alloy; 2) casting diameter; 3) kg/rm2 ; 4) AL2 (unmodified, cast);
.AL41(heat-treated); 6) AL9 (heat-treated).

TABLE 3
Typical Mechanical Properties (individually cast
Samples)

co e COCIOORUNII 1~UZ 41 MI Am GB MAI'M)

A4412 JINVCI a vecI70 O-p-

__ i _ __- *LTi...... 1 5- 7oo_ 2700 0,33.
AMO S0.am"e 270

LI I~ol nn nrat... 22. 12 2

AJ14 Manxutuuupoa'anuia~, jan
To ifP . ecqa"71 0.opy.

" ISNfamHOul* a COCTO-
PONRUNo no aa~e 9 - 2 5 0000 0.3U3 D WNUji T6 26 20 4 700 7000 2700 0.33 7

AAS9 Nomwitatiponan~wi, an.I
ToN m nec4aHk Oopofl"Ues DO n 2 0 . 4 70 0700 0.3n 16 _myT4_ ._ . e_ . ._ ._ ... I 0 7000 2 0 0.31 --

--- imple rotated during cantilever bending; N =
S5.108 cycles.

1) Alloy; 2) state of material- 3) kg/mm2 ; 4) AL2; 5) AL4; 6) AL9; 7)
cast in sand mold, modified; 8) pressure cast; 9) modified, cast in
sand mold,. quenched, and aged under regime T6; 10) modified, cast in
sand mold, and quenched under regime T4.
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alloys, it has a tendency toward formation of gas pores. Its mechanical

characteristics are moderately high and It has satisfactory corrosion

resistance in moist air and salt water (see Corrosion of aluminum al-

loys) and high hermeticity. This alloy cannot be hardened by heat

treatment. It is satisfactory for gas and argon-arc welding. AL2 is in-

tended for casting geometrically complex components which will not bear

large loads.

AL4 alloy is distinguished by good casting properties, compara-

tively high mechanical characteristics, satisfactory corrosion resis-

tance in moist air and salt water, and good cuttability and i3 satis-

factory for gas and argon-arc welding. It yields high nermeticity. The

principal drawback of AL4 is its greater tendency toward formation of

gas pores. The heat-treatment regime involves prequenching heating at

535 + 50 for 2-5 hr, water-cooling (50-100°), and aging at 175 ± 5o for

15 hr. AL4 is generally used for fabrication of large- and medium-size

components which are subject to substantial stresses and must function

under pressure.

TABLE 4
Mechanical Properties of AL2 and AL4 Al-
loys at Low Temperatures

Ba.1 nlfjiy- CoCY,~Nu en~a *
1, 1 2 1 "•' Vr. I' " I'-°''
_'L T.• - OH_ _ - - .I

AJ12 OVtf2Ihpo MO3IW0 U -40 I
-70 30 O.6 oPiaUW 10

AJI4 To we Te•"p-uwecp -40 23 3.2 O.2S
o"•Ip•a "I- -70 2 2.4 0.25Z

7 9 Nl no apC- -196 33 2.3 G.ZS

F_-I

1) Alloy; 2) type of semifinishd product;3) state of material; 4)
test temperature (C); 5) kg/mm ; 6),AL2, 7)ALI!; 8) individually cast
samples; 9) the same; 10) modified; 11) heat-treatment under regime T6.

AL9 alloy has good casting properties and moderate mechanical

properties. It has a tendency toward natural aging, so that after one
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TABLE 5
Mechanical Properties of ALA Alloy sit
Elevated Temperatures

- I - . -xf

13 ""c".lp I fCt~I~l I*

Afl4 0 ,Aearx o 07- :Intoll " 7tCON, 2o 24 1.(#
Aota 10A3 ~ ry~'eca 1110 22 3. fl

aR~d0d I AIM O U1111140iti~ IS0 Io. 3.5
na.. 2Wb" re 57 t .46o giwo.~ 16 IT .

68 2$0 It_ _ 5

1) Alloy; 2) type of semifinished product; 3)state of material; 4)
test temperature (00); 5) kg/mm2; 6) AL4; 73)individually cast samples,
d -10 mm; 8) sand-cast, heat-treated under regime T6.

TABLE 6
Mechanical Properties of AL4 Alloy at
Elevated Temperatures After Stabiliza-
tion*

HI Tew~mpa 4. *

Oa,.oanexw .¶.,.aET :ITOnI rn ecow. wep- 20 24 .
0 as ' 0 MA qeCHCK o6PS6o- 1oo 23 .
o~iaaua. d UO Tan*nPC'*Um ISO 20 .

5 T6, cia~nawaspo- 175 14

-Tnabilization: preliminary holding.
at test temperature for 100 hr.

1) Type of semifinished product; 2) state of material-;*3)-test tempera-
ture,(aC); 4~) kg/mm2 ; 5) individually cast samples, d =10 mm; 6) sand-
cast, heat-treated under regime T6, stabilized.

TAkBLE 7
Physical Properties of AIJ2, AL4, and.
AL9 Alloys

1 2 --- 1 W (11
('as Bp[-ea

I I .

Z4J2 2.6 21.1 22.1 I23. I .2 40.0 .~.14 2.6 I 1 7 22.5 I23.5I 03 37.0 I 0.23

.1 2.6 23.0 2" 24.0 S 0.36 36.0 0.23

1) Alloy; 2) g/cm3 ; 3) at temperature o 1f; 4) c&1/cm*.sec;*C' 5) elec-
trical conductivity ini % of conductivi -ty of co pper;*6) cat' 1001
(cal/g-.C); 7) AL2; 8) AL4; 9),AL9.
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or two months the mechanical characteristics of the quenched alloy ap-

proximate those of the quenched and artificially aged allcy. Itb salt-

water corrosion resistance and cuttability are satisfactory and it

yields high hermeticity. This alloy is suitable for gas and argon-arc

welding. Two heat-treatment regimes, T4 and T5, are used, depending on

the mechanical properties required.

AL9 alloy is usually employed for geometrically complex components

which will bear moderate loads and must function under pressure.

The creep strength and long-term strength of AL4 alloy which has

been sand-cast, modified, and heat-treated under regime T6 (individual-

ly cast samplfs, d = 10 mm) are as follows: aioo M 2.5 kg/mm2 ;

a0 . 2 / 1 0 0 " 1.0 kg/mm2 (from total deformation) at 3000.

As has already been noted, the alloys of this grolip are charac-

terized by high hermeticity, i.e., an ability to withs.and hydraulic

pressures of the order of 150-250 atm without flowing, depending on the

thickness of the casting walls. The hermeticity of castings can be in-

creased by thickening the walls, by casting in chill molds, by permit-

ting the castings to crystallize under elevated pressure (see Crystal-

liza:tion of aluminum alloys in an autoclave), or by vacuum evaporation

of the liquid 1netal before casting (see Vacutun evaporation of aluminum

alloys). The good casting properties of AL2, AL4, and AL9 make it pos-

sible to use them for producing castings of virtually all sizes and

shapes by any current casting method.

ReferenceL: Al'tman, M.B., et al., Plavka i lit'ye legkikh splavov

[Melting and Casting of Light Alloys], Moscow, 1956; Kolobnev, I.F.,

Krymov, V.V., and Polyanskiy, A.P., Spravochnik liteyshchika. Fasonnoye

lit'ye iz alyuminiyevykh i magniyevykh splavov [Handbook of Foundry

Work. Die Casting of Aluminum and Magnesium Alloys], Moscow, 1957.

M.B. Al'tman and T.K. Ponar'ina
1)45
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HIGH CORROSION RESISTANT CAST MAGNESIUM ALLOYS are magnesium alloys

which surpass the magnesium alloy ML5 in corrosion resistance. They in-

clude: the type ML4pch (pch - hig• purity) and type ML5pch alloys (AMTU

488-63) of the Mg - Al - Zn system; all alloys of the Mg - Zr system of

types MLlO, ML12 (AMTU 488-63); type ML2 alloy (GOST 2856-55) and others

of the Mg - Mn system. The ML4pch and ML5pch alloys differ from the ML4

and ML5 alloys in lower content of undersirable impurities. The most

widely used ML5pch alloy permits 0.001% Ni in place of 0.01%, 0.007%

Fe in place of 0.08%, 0.05% Cu in place of 0.1%, 0.08% Si in place of

0.25%. (For chemical composition of the alloys see Magnesium Alloys).'

The high corrosion resistance of details made from the MLpch and ML5

pch alloys is achieved not only by means of limiting the rcontent of the

injurious impurities, but also by use during casting of the chloride-

-free fluxes (FL1) in place of the chloride fluxes (V12 or V13). As a

result, castings are obtained which are practically free of inclusions

of the chloride fluxes which form, with moisture, concentrated solutions

of the chloride salts which destroy the magnesium alloys.

The corrosion resistance, determined from the amount of hydrogen

released during 48-hour soak of specimens in a 3% NaCl solution, is on

the average 30 cm3 /cm 2 for the ML5 alloy, while for the ML5 alloy pre-

pared with the use of a chlorlde-freee flux it is no more than 12 cm3 /
A/cm 2, and for the ML5pch alloy it is no more than 6 cm3/cm2" The cor-

rosion resistance of the alloys based on the Mg - Zr system as determ-

ined by the amount of hydrogen released during a 48-hour soak in a

0.5% NaCl solution is typically 0.3-1.3 cm2 /cm 2, in particular the ML12
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alloy figure is about 0.9 cm3/cm2, the MLO1 alloy is about 1.1 cm3/cm 2 ,

the VML2 alloy is about 0.3-0.5 cm3 /cm 2 , while the ML5 alloy figure is.

2.5 cm 3 m2 .

The ML2 alloy, which is used relatively little because of low mec-

hanical and processing properties, is capable of resisiting the action'

of ccncentrated solutions of caustic soda at temperatures to 1200 and

soda solutions. Unslaked lime, lime solutions and ccncrete destroy

castings made from the ML2 alloy very slowly. The mechanical and phy-

sical properties of the MLpch and ML5pch alloys are similar to the pro-

perties of the commercially pure ML4 and ML5 alloys (see High-Strength

Cast Magnesium Alloys). For the mechanical, physical and processing

properties of the alloys of the Mg - Zr system see High-Strength Cast

Magnesium Alloys and High-Temperature Cast Magnesium Alloys. Typical

mechanical properties of the ML2 alloy are presented in tables 1-2. The.

minimal mechanical properties guaranteed by GOST 2856-55 for the ML2

alloy are lower than the typical properties by 1 kg/=m2 in ultimate

strength and by 1% in elongation.

TABIE 1

Mechanical Properties of theML2 Alloy at Various Temperatures (12-mm-
diam specimens separately cast in sand mod, without heat treatment)

Teun-I O.t~ (?, • MB ncr•.inqwUflS°l 2e n

(.lM." ,',3 I % MMP) S•'

jI~ I 30 l .a

1.5 ?' I;. ii7 .

1) Temperature; 2) (permanent deformation); 3) (kg/mm 2).
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TALBE 2

Typical Mechanical Properti.es of ML2 alloy at 200 (specirmens cut from
details cast in sand mold, without heat treatment)

2 --

1) Castin3 wall thickness (mm); 2) (kg/mm );3) to'; 4) over.

The properties-of the ML2 alloy in compression at 200: ab =16 kg/

Armm2 I A 25%.- Shear resistance T kmm, impact strength an .

2kgm/crn Physical and processing properties of the ML2 alloy: 'y =1.8;

ai 266l (20.- 1000), 27.3-10 (20 - '2000), 27.7-10- (20 - 300-)

l/c; X =0.342 (20'0) cal/cm-sec-*C; p =6.88-10-6 (00) -.16 (00

9.7.10 (2000) ohm-cm; c =0.25 (20 - 1000) cal/g-*C; E =12'

linear shringkage -1.7-1. 9%; liquidus temperature 6500; -solidus--tempera------ý

ture 6450. In casting the ML14pch and ML5Pch alloys observation of the

following conditions is recommended: 1) melting crucibles and tools are

coated to prev--nt enrichment of the alloys with iron impurities; 2) to

obtain cas~ting free from inclusions of chloride fluxes the last 2-3 min-

utes of -refining and settling of the molten metal and pouring into the

forms is performed under the FL1 chloride-free flux; 31) as charge mat-

erials, use may be made of finished vGS4pch and MGS5pch alloys prepared

in accordance with TtJ 47-59, preliminary alloys prepared by the fabric-

ating plants,-and also MGS4 and MGS5 alloys selected on the basis of

chemtical composition. In the-latter case manganese additives must be

used to remove the iron impurities.

-The casting properties of theML4pch and ML5pch allcys are the same

as those- of the alloys of commercial purity, while those of the ML2 al-

loya. are' low; the minimal-wall thickness in casting details from the MI.2
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a- fl!y is eual to 6-t :r' dcpend~.; -n ýhe cast size. i-ýting density is

good. The alloy has a teniency lo formation of hot cracks (in t•sting

for hot brittleness the first crack is formud with a ring width of 50

mm), therefore, only casting of details of simple configurativn is pos-

sible. The alloy is not strengthened by heat treatment. It welds well

with gas-acetylene welding under the VF156 flux, and with electric spct

welding and agron-arc welding.

The details made from the high corrosion resistanct cast magnesium

alloys, Just as those made from the alloys of commercial purity, are

protected from corrosion by oxidation and paint/varnish coatings (see

Corrosion of Magnesium Alloys).

The MI24pch and ML5pch alloys are used for highly loaded details

operating for long periods in severe conditions, for example, under at-

mos-neric conditions of high humidity. For areas of application of the

alloys of the Mg - Zr system of types MLlO, MLl2, and others, see High-

Strength Cast Magnesitin Alloys and High-Temperature Cast Magnesium Al-

loys. The ML2 alloy is used for production of lowly loaded details of

simple configuration (various gasoline and oil fittings, tanks). The

alloy may find application in the chemical industry for details opera-

ting in an alkaline medium.

References: see article Cast Magnesium Alloys.

N.M. Tikhova
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HIGH-ELASTIC EQUILIBRIUM MODULUS characterizes the equilibrium de-

formation of lýttlice polymers (rubbers) and Js deýtermined from the re-

lation .=. , wh,.,e E. is the high-elastic e.-uilbrj'nLM modulus, a is

true stress (equilibriui), e is the specified tensile (compressi-e) de-

fc:mation. The equilibriiu. stress is determined after complete relaxa-

tion of the stress in the specimen. The high-elastic equilibrium modu-

lus is associated in a definite way with the structure of the lattice

polymer. The formula N = C(E,.IT) 3 I 2 is used to compute the nui•ber of

bonds N of the three-dimensional lattice in unit volume; here T is the

22

for rubbers varies from 1.1022 to 3.10

References: Bartenev G. M., Zhurnal tekhn. fiz. (Journal of Tech,

Physics), 1950, No. 4, page 1461; 1952, No. 7, page 1154; in book:

Vu.lkanizatsiya rezin (Vulcanization of Rubber), Leningrad, 1954, page

196; Vishnitskaya L.A., KZh, 1959, Vol. 21, No. 3, pages 370-73; Tr.

N.-i. in-ta rezinovoy prom-sti (Transaction of the Sci. Res. Institute

of the Rubber Industry), 1954, coll. 1.

G.M. Bartenev
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HIGH-GRADE CHROMIUM - is a chromium which contains impurities in

a quantity of not more than 0.015%; it possesses plastic properties at

low temperatures. This peculiarity of pure chromium combined with its

thermal endurance, its resistance to aggressive media and the relative-

ly low spenific gravity makes it possible to use chromium as a struc-

tural material for a number of special-purpose parts. High-grade chrom-

j ium may also be used for alloys with special properties: precision, re-

f fractory, corrosion-resistant and other alloys, in which it is present

either as the basic metal or as an alloying component. High-grade

chromium is obtained by removing the impurities of commercial chromium

by_ refining (Table 1). The total of Pb, Sb, Bi, Cd, Sn, and Cu amounts

TABLE 1
iFarccntage of Impuritiz in. Electrolytic Chromium
(according to the data of the TsNIIChM)

,lp.-.ecns l 0 N j H j C Fe.

abe %) ... 2'. 0,3-0,8 0.05-0.15 0,05-0.12 0,02-0.03 0.02-0.03 2o 0.01

1) Impurities; 2) content (in % by weight).

to about 0.003%. The electrolysis of aqueous solutions of chromic an-

hydride is the most thoroughly developed but not the best method to

obtain commercial chromium suitable for a subsequent refining. The

electrolysis is carried out in lead tanks which serve as an anode; the

cathode is made from stainless steel. The electrolyte is composed of

chromic anhydride (300-350 g/liter), sulfuric acid (3-7 g/liter)i and

distilled water as a solvent. The chromium is precipitated on the
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cathode In the form of 0.2-0.3 mnm thick scales.

Chromium obtained by electrolysis of molten media using soluble

electrodes may also be used as a commercial metal. Various chromium al-

loys (ferrochrome, for example) and also other chromium-containing ma-

terial with n-type conductivity are uced as soluble electrodes. A melt

of sodium chloride ccntaining a small quantity of chromium chloride

zcrvis az an electrolyte. The quality of such a chromium is somewhat

higher than that of a chromium obtained from aqueous chromic anhydride

solutions, and the former chromium is considerably cheaper than the

latter.

Electrolytic chromium serves as a raw material for the prepara-

tion of high-grade chromium. A number of methods are known to refine

chromium; a general method, however, which removes all impurities with

an equal completeness, does not exist. Each method is suitable to re-

move only certain impurities, and the expedient choice of the method

depends on the requirements of the purity of the chromium with respect

to specific impurities.

Refining of electrolytic chromium in a stream of pure hydrogen at

high temperatures is the most thoroughly developed and efficient method

for tne preparation of high-grade chromium. This method is suitable for

purifying chromium from 0, H, N, C, S, P, Cu, Sb, Bi, Cd, Pb, and Sn.

Metals with a low vapor pressure (Al, Si, Fe, Ni, etc.) are removed

from the chromium to a lower degiee. The refining is carried out in

special furnaces with a molybdenum heater. The furnace is made complete-

ly from metal in order to prevent a contamination of the chromium.

Scales of electrolytic chromium are put into a molybdenum container

placed in the furnace and heated in a dry hydrogen stream. The tempera-

ture of the process, the holding time, the purity and the specific con-

sumption of hydrogen (i.e., the ratio of the quantzy of hydrogen con-
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sumed for the refining of the chromium to the weight of the chromium)

are the main factors which determine the completeness of the refining

of chromium by hydrogen. Raising the temperature facilltates a more

complete removal of the impurities and shortens the treatment time. A

residual oxygen content 0.001% is obtainable within 15 hrs at 17000,

within 23 hrs at 15000 and after more than 50 hrs at 13000. A residual
carbon content of 0.001% is attained within 5 hrs at 17000, and ,jithin

30 hrs at 15000; at 13000, however, the minimum carbon content amounts

to 0.004%. An increase in the specific consumption of hydrogen shortens

the time of the refining process. The degree of purity of the hydrogen

has a great inflvence on the purity of the chromium (especially with

respect to the oxygen and nitrogen content). The percentage of impuri-

ties in refined chromium is quoted in Table 2.

TABLE 2
Percentage of Impurities
in Refined Chromium (accord-
ing to the data of the
TsNIIChM)

S1 2 P"11041M1"bRl~ta
I ,3 p a,,n0pom.le pa8U191 •

.M1ro.o0%1
S3ppo Utoo' 13nrli. 7iuf01

5 raao mla a HI AR (N3 COCOBUC)

o +,043--4,451 0,04t-0,002 0,o01--4002
H 0.n0i- 0 I 0,06-1002 4

6 x m , ee x i
t .0 -41 3 aN3 (wee~nbm %)

C I 0,004-0.008 0,001--.0002 0.001-0. 002
11 - <0 001 < 0. 011

0 .000 1<.00 I <0.001S.... ... 7 X,.,t O lH .CneNlpanlhIkh11 nSHJn3Xmecosu1a .0)

Fe I 005 0.003-0,005 0,0013
NI - 0.003.-0,005 -
A1 04,41 0,001-0,005 <0,005
Cu - <0.001 <0,001
Pb 0.001 <5.10-i <5."0-6

Cd It1 tI'0 << 515t0 <5.,0::

Sn 1.I0-. <t.10- <t.19--
Sb 1.14" <t.t4' <t.I-0

1) Impurities; 2) refined in hydrogen; 3) at ... ; 4) refined by the
iodide method; 5 gas analysis (% by weight); 6) chemical analysis
(% by weight); 7) spectrochemical analysis (% by weight).
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High-grade chromium may be prepared by thermal dissociation of its

iodides (iodide method) (Table 2). The refining of chromium may also

be carried out by the method of zone melting. This method, however, has

certain disadvantages in tVie case of chromium, caused mainly by the de-

sign of the apparatus for zone melting.

From the mentioned methods of production of high-grade chromium,

only the refining of electrolytic chromium in hydrogen at high tempera-

tures is utilized on a sermiindustrial scale. The other methods have not

surpassed the level of laboratory investigations.

-References: Greenaway, II.T., The Electrodeposition and Refining

of High-grade Chromium, "J. Inst. Metals," 1954, Vo. 83, Part 4, pages

121-125; Marvin, J.U., Chromium, Vol. 2, N.Y., 1956, page 148; Smith,

W.H., Seybolt, A.U., Ductile Chromium, "J. Electrochem. Soc.," 1956,

Vol. 103, No. 6, page 347; Karsanov, G.V., Lyakhin, B.P., Ponomarev,

Yu.N., Polucheniye elektroliticheskogo rafinirovannogo khroma (Prepar-

ation of Electrolytically Refined Chromium], "Tsentr. in-t informatsii

chernoy metallureii" [Central Information Institute for Ferrous Metal-

lurgy], Information No. 40 (562), Moscow, 1959, pages 99-103; Yemel'

yanov, V.S. [et al.], Usovershenstvovannyy metod polucheniya iodidnogo

khroma i yego svoystva [Improved Method of the Preparation of Chromium,

and the Properties of the Latter], in the Collection: Metallurgiya i

metallovedeniye chistykh metallov [Metallurgy and Metal Science of Pure

Metals], No. 1, Moscow, 1959; Ageyev, N.V., Trapeznikov, V.A., Poluchen-

iye lodidnogo khroma i yego svoystva [Preparation of Iodide Chromium

and Its Properties], in the book: Issledovaniya po zharoprochnym

splavam [Investigations on Thermally Endurable Alloys], edited by

"V.S. Yemel'yanov and A.I. Yevstyukhin, M., 1957; Pfann, J., Zonnaya

Splavka (Zone Melting], translated from English, Moscow, 1960.

B.P. Lyakhin
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HIGH-HOT-STRENGTH ALUTIINUM CASTING ALLOY-3 high-hot-strength al-

loys intended to function at elevated temperatures. The hot strength of

an alloy characterizes its resistance to stress and temperature. The

changes in the strength and other properties of almLinum alloys during

prolonged exposure to high temperature and stress depend on the follow-

ing factors: 1) the energy of the interatomic bonds of the alloying

elements, which is roughly characterized by their heat of sublimation

and the activation energy of their diffusion in aluminum; 2) the degree

of supersaturation and the cnaracter of the aluminum solid solution; 3)

the structure of the alloy (i.e., the size, shape, quantity, and dis-

tribution of the secondary-phase particles). Hence it follows that the

higher the working temperature and the longer the exposure, the higher

should be the melting temperature of the alloying elements and the low-

er should be the diffusion coefficient. For example, for prolonged

functioning at 350* or more high-hot-strength aluminum casting alloys

should not contain lithium, zinc, calcium, or magnesium, which Inve in-

teratomic bonds of lower energy than the aluminum atoms and high diffu-

sion coefficients; the higher the temperature, the more complex should

be the chemical composition of the solid solution and the lower should

be its supersaturation. The decomposition products of the aluminum so-

lid solution should be ultradispersed solid particles of stable complex

phases with little tendency to coagulate at the working temperature. In

this case a microheterogeneous structure is formed within the grains of

the sclid solution, inhibiting the displacement of dislocations and

atomic layers along the slip planes. This is the principal factor in
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obtaining increased hot strength; in order to retard decomposition of

the aluminum solid solution and recrystallization high-hot-strength

aluminum. casting alloys should contain stable phases (e.g., Al 6 Cu3 Ni,

Al 3 (Curi) 2 , Al 8 Mn4Ce, etc.), which crystallize in slender ramified

structures that completely block the grains of the aluminum solid solu-

tion. In selecting alloying elements fcr high-hot-strength aluiiinum

casting alloys it is necessary to take into account the ossibility of

forming more than 20% of eutectic, a condition necessary for obtaining

good casting properties (increased flowability, reduced tendency toward

hot cracking, etc.).

Alloys of the silumin type have the lowest hot strength of the

high-hot-strength aluminum casting alloys. Al-Cu-Ni-Mg and Al-Cu-Ni-Mn

alloys have high hot strengths as a result of the presence of complex

stable phases (S, T, etc.). VALl and ATsRI alloys have the highest hot

strength. The following alloys are usually employed for cast components

which must function at elevated temperatures for prolonged periods: ALM,

AL3-1, LJ4, AL5, ALlOV, AL25 (ZhLSI), AL26 (VKZhLS), AL19, AL20 (V14A),

AL21 (V300), VALI and ATsRl. For example, the cylinder heads of liquid-

cooled engines are usually fabricated from AL4 alloy, which has high

casting characteristics, good hermeticity, and the requisite strength

characteristics for prolonged functioning at temperatures of up to

2000. AL3-1 alloy has a higher hot strength than AL5, but has very sim-

ilar technological properties.AL3-1 and AL5 alloys have higher hot

strengths than AL4 and are used for the cylinder heads of air-cooled

engines.

ALl, AL25 (ZhISI), AL26 (VKZhtS- hypereutectic silumin), ALlOV,

and VALl alloys are employed for cast pistons. These alloys can be ar-

ranged in the following order of increasing hot strength: ALIOV, AL26

(VKZhLS), AL25 (ZhLSI), Al1, and VALI. The order with respect to in-
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creasing technological characteristics is ALl, VALL, AL1OV, AL26

(VKZhLS), and AL25 (ZhLSl). The latter two alloys have the lowezt coef-

ficient of linear expansion and their use makes it possible to employ

small clearances between piston and cylinder in piston engines. It must

be noted that AL25 and AL26 alloys, which contain neither nickel nor

cobalt, have lower hot strengths than ALIOV. All the alloys used for

casting pistons have a low relative elongation (0.5-2%) and a low im-

pact strength (0.3-0.5 kg-m/cm2 ). Practical experience has shown that

the reduced plasticity of piston alloys has no marked influence on pis-

ton service life.

ALl9 alloy has the highest mechanical properties at room tempera-

ture (Ob = 34-45 kg/mm2 ; 6 = 4-8%) and a high hot strength. Its princi-

pal drawback is the fact that components cast from it have a low herme-

ticity.

AL21 (V300), ATsR1 and VAL1 alloys have the highest hot strength

and high hermeticity. AL20 (VI4A) alloy "has almost the same hot

strength as ALl, but has substantially better technological properties.

AL21 alloy contains 1.5% iron as an allo ying element and can conse-

quently be produced from secondary alloys and various aluminum-produc-

tion wastes. High-strength alloy- (of the AL8 type) can be employed for

brief operation at elevated temperatures, since they do not undergo any

substantial softening over short periods. Heating-system units require

an aluminum casting alloy with the following characteristics: high

long-term strength at 350-4250, hermeticity (the components should be

able to withstand high gas and liquid pressures), and satisfactory

weldability and cuttability. ATsRl alloy satisfies these requirements;

it has a higher hot strength when cast (without quenching) than when

heat-treated.

In contrast to ATsRl, VAL1 alloy is used in the heat-treated state.
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TABLE 1
Minimum Mechanical Properties (according
to GOST 2685-53 or STU)

-m. Co . -m

4.

Afl3-I Tcrprn owci 'u 06(P14~') NNIJ T SI 20 0.5 9
pei nt' T5 T 21 0.5 75

5 -Towe T? 20 1.0 70
A31. rrpixui'..v 'Vpallo~annut
6 o l"'i * .gy TI 1S 0.5 e15

Fa we TS, 20 ft.5 70
TI to 17i.0 65

A.17 Te:'nw~w '0psoau 46rd60sw

7 To we To 22 3 70

~ ~ taflui I 7 I 0.5 9
To me T's 20 ".5S too

nol9 TIII4*t'"U pfu T4 30 8 so

9 To*e C'. 34 3 90(v

4(014A) -no Pe~"I."7l T2 9I6 n.4 65

10 TeP',nCCMI oOPSOotS2U114
Ito pew.n"Ij T7 21 0.6 6

Aal21 Ormor x3 awotro COComNuft
(H300) Ito I'ei~uxv T2 to 0.8 65

no PeWN"iq T7 219' 75

12 AUP I OTPYeN wx JIToro CoeOm- 207

1BJI 25) OTnyCK III JIXTnrO COMM-~1 1JICI) "on no PC,.tni TI 20* 0.2 go*
Aa126 Omriye ma alwtT0o COCTOPM-

(BIULIC) num nlo pemov TI 20* 0. 902

*These characteristics are for samples
cast in chill molds..

**For the he,-at-treatment regime see Heat
treatment of aluminum allays.

1) Alloy ,2) state off material; 3) kg/mm2. 4) ALI- 5) AL3-4; 6) AL5;
7) AL7; ALlOV; 9) A-119; 10) AL20 (vl4A 5; 11) AL2l MOO00; 12) ATs1U-
13) A.L25 (ZhI.Sl); 14) AL26 (VKZhLS); 15) heat-treated under regime; 165
the same; 17) annealed ifrcsn c~ast state under regime.
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TABLE 2

Influence of 1O0-hr Heating at Test Tem-
perature on Mechanical Properties*

1.A4 Irprk 30 town. 6 "6 re" I u•l nac"

Cna Ia Ma eI J.I~t• IIClWOJ'NRIII i
',.l 16.) th 4w *g4 %

A-1 I rr nv.,',,-. 20 2S 25 0.O
Cl p.~li.1.I 2 22 1..I,*.,.I 26 20 2.0 20 1.211.0 IW 7 ;,.l I 2.5 to 2.0STr5 3jO 14 C.o 2. 4.0

350 9 3.0 1 14
AJ13-1 Tomiwttee~m 20 27 1.0 27 1.08 •'IA•,I)r 1I4fI414 201) 20) ., 3 2.0

Sno pC4NN7 -"0 In 2.1 '6 2.0'4 3)0 13 4.0 It 6.0
350 9 6.0 7

A.14 Terv.,tcn 20 26 4.0 26 a,
d~p oi.Ie.,x, 200 |A 5.0 22 6.09 no pe',,.mmyl. .050 12 7.0 I7 11l

9 1lP~N47 J0 I9 Is7 1350 6 22 S 25
A.T75 rrc p FPI1r 20 26 O, 26 0.0

,par.nvannmuO 2u0 22 2.5 iI 1. 7
10 i p'wt,viy 250 is 2.0 15 4.010 T 300 12 6.0 to 8.0

35 7 t0 5 25
A.10 Tepi.,we•.n 20 20 $.0 20 S.O

Ap.6"TaHH i R 200 15 12 14 21
11 1 44MMY 250 11 10 25

V14 300 26 a 35
350 % 6 461

A.I 19 Ter,4monec,'u 20 36 4.0 36 4.0
06 1501alln0411 200 24 3.0 25 8.0

nFo pr,,awy 250 I$ 7.0 17 7.0
15 300 14 13 6.0

350 t0.0 7 15.0
AJI 21 Temnermsw 20 22 0.6 22 0.8

(III4A) fl pa6,-? H.s6 200 In 1.5 18 2.0
.O pr•w-7 250 26O 2 5 . s5 1.013 r7 300 14 4.0 12 1.0

350 20 8.0 a t6
A,121 Tervxvoci' 20 24 1.0 24 1.0

(113010) o•-P36.,17,11IIte1 200 21 1.0 20 2.1
n0 pf1(wam 250 2. 2. 7 .

14 T7 3u0 1. 2:0, 11 3.0

DA4II Tepm.mecwiv 20 "8 1 .0 211 1.015 O6pIr018NI4. 1 '00 24 1.2 22 2.1
1 1) Is 2.: 1V 4.1

350 120 . a 6.0
AUPI Tep14qeco. 20 20 2.1 20 2.1

OOp,I6Ormwtal 2511 12.1• o 2.1
16 no F.m..y 300 1, 1.: Is 1.6

400 A 40 5.0

--' idividually cast (in sand molds) spe-
cimens.

1) Alloy; 2) state of material; 3) test temperature (°C); 4) heating
for 30 min; 5) kg/mm2 ; 6) heating for 100 hr; 7) ALl; 8) ALI-l;9) AL4;
10) AL5; 11) AL9; 12) ALl9; 13) AL20 (VIA); 14 AL21 (V3001; 15 VALl;
16) ATsRl; 17) heat-treated under regime.
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TABLE 3
Typical Mechanical Properties

COMM~~Rh I-IPGI.

AA I TF 5 7:10 22. 21 .0 0.7 1110 5.6 41.3
AJ13-1 116 7 1 0 21 ý 7 O's 85 0.0 6.3

AJh1 R6 7fl2 :10 it; 4,0 70 7.5 0.4
A.1 TN . 7 u 21 ý-. ; sip 0;1 ;. 5 1, 3

AMIOS T6 7 "OU .22 211 V .), 11, !KU 41.2
An118 T 1 7 W:Q 241 3t1 5,e to t 7' t o 0

10AJ120 T7 71.9 1S a I 1. 2' "to 7.5 411
lA.:II1 7'r IS 1141) I ' 2. 8 7 5. 0.
DA11 I'll) 7%.'1 1 is1. lt 7.5: u
MWic TI 721 Lit to I 7 o o

B(J1C.IC To tall Ill A" $1 V.i It ,4

*Cantilever bending of rotating specirneii; N =5.108 cycles.
**See Heat treatment of aluminum alloys

1)Alloy; 2) heat-treatment regimei 3) kg/mm 2 4) ALl; 5) AL3-l; 6)

AL; 7) AL5; 8) AL1OV; 9) ALl9; 10S AL2O; ii) AL2l; 12) VALl; 13) ATsRJ.;
14) ZhLaSl; 15) VKZhLS.

TABLE 4
Mechanical Properties at Low Temperatures

2

'1-I ei,n 1? 06parjoa t H li.ft nip1 pemNIS -71j _t 0.8

5 y 12 ___

AflI9 14 : ToO I A ICNk 4$4111"Y. lep. -40 211 3.5
A WKCCia so -pa-1Iaift i to NO pe- -70 29 2.

7 Tro mue. Tepxmwc. IeCP.I.pOOTSIRMUR -40 30 5.0
no peI4(U4y 15 13 -70 30 5.0

A-120 .lutoll N. "rC4;C'4iYW *)PmqY. Tep.j- 0 19 0.5
CBt4A) xNxqCCNNrK Op106"oTsooomm uo pt- -70 20 O's

:I0TORt it areC.18U9D apopxy. oToW- -40 I7 O.18 en(CNNI -70 ISa 0.5

A..12f .3IflTOA 9 neC~lai47S ptopocy. Tep. -40 2t.0 O.8
(11300) mwNecICN (. a u~paNHNI~ft Uo PO- -t0 21.5 O.S

MluNy V7

9 In.llT~ n nevinylo *~opxy. 010)11 -40 20.0 0.8
iieNNIJA 1 -70 21.0 0.5

11A.3 I IN.ITOA S flCtiqlltyI 4OPvy, rep- -40 1 26 I 2.0
Nxueck" o~paeoTANUS n~ o Pew -70 26 1 .10

momI'euy TI

*For heat-treatment regime see Heat treatment.-o' alumiinum all11oip_

1) Alloy- 2) state or material; 3) test temperature (OC); 4) kg/mm2; 5)
AL3-l; 61 AL4; 7) AL19; 8) AL2; (V14A); 9) AL21. MOO0); l0).VAL1.;- 11)
ATsRI1; 12) cast in sand mold, heat-treated under regime;* 13)' the. same;

heat-treated under regime; 14) cast in sand mold, annealed.I -1962
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TABLE 5
Physical Propert les

#A10( . *C) (IA t i Wu*eeC) (OA MAP A)u

14.11 6 2.7 22, (211- 14) 41 035 1 UP .082%W'

L."4 . 4 ~¢• (3fri.,.

nA . ( 2) 27( . 2 5.) _.0_ n

Aal 2 "-.78 i2.,1 (20-- 1.2) ui.1( " 0.0482 (20")
- 2.k ( -20-34)0' 0.3 -(J _11) _

F J - 1-| H .76 22- (2,J- 1.' oll ) .;' (U +• uO (951J)

"1O % 2.74 19.5 (Zo)--j3 1 0.312 (:5-) 0,0515 ( o0)
23 8 (20-3100) 0.34 (300")

10 ,1 0 .74 +.:.: I ,,- " ' ...:) . 1.. .,,(3(e,) o.,,0 18, 2')+ . ...

0 14A 2 3 (20- 3f00 0.35 i('3 0.11111(2--3'U 0.2 (172) 12 )
2.83 _9(20-1_-W)___

243.7) 21.8 (0-300') 0.37(31.')

" F -62.9 (2 1-,OI) 0.23 j 5 CO,') 0.05o ; (2O')
1 (3jAU ) 28.7 (20-230) 0.2 (30'1)

S1 2.72 9.. (2.-111-)1 0.38 (2P) 0.05'. (2 ")
20. _ (20-300") 0.31 (300"1)

15ql c 2.'-- 107: (20-:.)1, 0,4. (25,1 ,0.*5 (251)1 <'€ ), 2.5 is 20-- 0) 0 .' 3 11.(30)

1) Alloy; 2) g/cm3;.3) cal/cm-sec. 0 C; 4) o.hmn2/m; 5) ALl 6) AL3-l;
7 AL5; 8) g/OVc99;.10) L2.0 (V14A), 11) AL21 (V3005; 12) VALl;

13) ATsRi; 14) AL25 (ZhLSI; 15) AL26 (VKZhIZ).

TABLE 6
Technological Properties and Areas of Application

-.. ..-.. . ... "-C -. .

SI o..XR-
]W I l ,.ea~e-I rvmec'7h cflpao- I ", . .~

%. . a. %;' NS 00' I 'XNUID repmet cinoy'.. -x

6 ,eabaaN 7 8 9 - . ,. , O..
AI 535 7o40 35, 2.0. 2=. 17on-HO AOM6- XP

1'4 A-13-1 530 750 t.15 340 13 Couptaam nNf LAAO.. YlM I *

27 4m~a ""jg<" mp=• ,~

25 28- 28 26 1$ * 0 x
-

ft 

Y- 44 
IL 

, 
;J1 1

-- =:,, an a• .-"" "" .0, : 3

'. 'R 2,3 .S .- . ". ..4 .

>nents i tube ao &m

nents or tuofom

*.*Corrsosion protection is covered in Special Instructions No. 265-.
514 issued by the MAP.Sa) Alloy; 2) melting point (°C); 3) casting temperature (°); Li) linear

shrinkage (M); 5) flowability at 7000 (rod test) (mm); 6) tendency to-
ward hot cracking (ring width in mm); 7) hermeticity; 8) weldability;.
9) cuttability; 10) tendency to adsorb gases; ll)-corrosion resistance
and corrosion protection of components; 12) recommended areas of prolonged .?
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application; 13) ALl; 14) AL3-1; 15) AL4; 16) AL5; 17) ALIOV; 18) ALI;
19) AL2O (Vl4A; 20) AL21 (V300 21) VALl; 22) ATsRl; 23) AL25 (ZhLS1);
2&) AL26 (VKZhIS); 25) none; 26) low; 27) moderate; 28) good; 29) ele-
vated;.30) high; 31) satisfactory; 32) low; 33) higher than for ALl al-
loy; 34) pistons to operate at temperatures of up to 2750; 35) cylinder
heads and other components which must have eluvated hermeticity and
sufficient strength at temperatures of up to 275°; 36) the same, for
components which must function at temperatures of up to 225*; 37) the
same for components which must function at temperatures of up to 250*;
38) pistons for tractor engines, which must function at temperatures of
up to 2000; 39) high-stress components which will function at 200 and
other components which must operate at temperatures of up to 3000; 40)
components operating at up to 275* which must have high hermeticity;
41) pistons and Jet-engine components which must function at up to
325 ; 42) pistons and Jet-engine components which must function at upDO 4.4 he triti c uit °ý A • I JYQem n a -fo I -
lators which must operate at up to 4000; 44) pistons and cylinder heads
which must function at up to 2750; 45) the same.

.I i
110 2 1~2

Creep strength (shaded columns) and long-term strength (shaded and un-
shaded, columns) of aluminum casting alloys heated at 3000 for 100 hr.
The dotted portions of the columns represent the increase produced in
""he long-term strength by the optimum chemical composition (arrows
pointig upward) or the decrease produced by modiffcation (arrows 2
pointing downward). 1) Long-term strength and creep strength, kg/mm ;
2) AL4-3) AL5 ; 4) ALlOV; 5) ZhLSl type (Lou-Eks); 6) AL3-1; 7) ALl;
8) AL2O (V1LA); 9) ALl9; 10) AL12 (V300); 11) VALI; 12) ATsRI.

It consequently has a higher strength at room temperature than ATsRI.

VALl h s the highest hot strength of any aluminum casting alloy at

300". owever, at higher temperatures ATsRI has a higher hot strength.

All the, other indices (herrieticity, weldability, casting characteris-

tics) cf.VALl are virtually the same as those of AL21. Its hermeticity
1964
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is higher than that of AL19, but lower than that of ATsRI.

It should be noted that the high-hot-strength aluminum casting al-

loys developed in the USSR (VALI and ATsRl) have substantially better

properties than the high-hot-strength aluminum alloys produced abroad.

For example, Xl40F, ML (similar to ALl, but containing Cr and Mn), and

RR-57 alloys are intended for operation at temperatures of up to 300-

3200, while VAIl can function for extended periods at temperatures of

up to 3500 arid has a 25% higher hot strength. The American alloy SAM

has substantially lower strength characteristics than ATsRI at tempera-

tures of 20-400. It has been established that the majority of eutectic

alloys and of those with high eutectic contents (35% or more) have a

higher hot strength when cast than when heat-treated. Moreover, alloys

of the silumin type have a higher hot strength when unmodified than

when modified.

Table I shows the minimum and Table 3 the typical mechanical pro-

perties of individually cast (in sand molds) specimens (d - 12 mm) of

high-hot-strength aluminum casting alloys.

Tables 2 and 4 show the change in the mechanical properties of

these alloys as a function of test temperature. Table 5 shows their

physical properties and Table 6 their technological characteristics.

The figure presents comparative data on the hot strength and creep

strength of these alloys at 3000 (after 100 hr).

References: Bochvar, A.A., Metallovedeniye [Metalworking], 5th

edition, Moscow, 1956; Kolobnev, I.F., Termicheskaya obrabotka alyumin-

iyevykh splavov (Heat Treatment of Aluminum Alloys], Moscow, .1961; Ko-

lobnev, I.F., Krymov, V.V., and Polyanskiy, A.P., Spravochnik liteyshch-

ika. Fasonnoye lit'ye iz alyuminiyevykh i magniyevykh splavov (Handbook

of Foundry Work. Die Casting of Aluminum and Magnesium Alloys], Moscow,

1965
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1957; Kolobnev, I.F., Zharopz,)chnost' alyuminiyevykh liteynykh splavov
[Hot Strength of Aluminum Casting Alloys], Moscow, 1963.

I.F. Kolobnev

1
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HIGH-HOT-STRENGTH SHAPING BRONZE- a bronze with high strength at

elevated temperatures, a property achieved by raising the melting point

(with nickel, which is infinitely soluble in copper) or by creation of

a highly dispersed phase mixture on quenching and annealing. In the lat-

ter case the high-melting phases which precipitate (metals or interme-

l I I tallic compounds) hinder flow on loading at

high temperatures, blocking the grain bound-

L - aries. Chromium, iron, and cobalt, which have

) £ an extremely low solubility in solid copper,
AAA ACd

I-• ).n. ! 7. and a whole series of intermetallic compoundsa 2p
o 2o". V(Cr 2 Zr, Ni 3 Al, CoBe, NiBe, Ni 2 Si, etc.), which

Fig. 1. Influence of form pseudobinary alloys with copper,have
different elements on
the long-term hard- this type of effect (Fig. 1). Of the Structur-
ness of copper at
8000. 1) HB, kg/mm2 ; al shaping bronzes alloys containing copper,
2) atom-%.

is*
.33

SS15

2 e~w- ge.... .ei J~•.

Fig. 2. Hardness of high-hot-strength shaping bronzes at 4SO@ as a
function of holding time in comparison with BrOFlO-1 bronze. 1) HB,
kg/mm ; 2) loading time, mai; 3) BrKNl-3; •) BrAZhNIO-4-4; 5) EV; 6)
Br zhi-4; 7) BrOFlO-l.

1967 '
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TABLE 1

Content of Principal Elements in High-
Hot-Strength Shaping Bronzes with High
Thermal and Electrical Conductivity

Cn 1 Cr M AP. &-welt- ro,:'r 'rY

I4az .. • 0,9-1.2 rd •:r 44134-4•1SBSXe.• . 6" . o.4-o8 - l
61415,h • . 0. 0.2--.4 ,- 5 C rd sie :. 1 "',

6 U5A - .•. 0.15-0.25 0.2--P.Jri Zr b;c.
8MRS . . . . . 0.4-0.6 0,2--,,35 Zr 6 ,, 15D0 •5-0.3 0.4-0.6 Zn

MUK . 0]* 0- 04-0.7 0,1-0.25 M6 a. .. .O. -0,25 ,

11a3 .0: .. o019-0. 2 M a0, -- I.1 NI
0.15--0.25 lie

MU2 ..... 0.15-0.3 Mg
12 .4-u. S

1) Alloy; 2) other elements; 3) GOST, TU; 4) cadmium bronze; 5) BrKhO.5;
S 6) Ts5B; 7) Ms A; 8) MTs5; 9) EV; 10)nMTs4; 11) MTs3; 12) MTs2; 13)
GOST 4134-48; 14) TsMTU 3299-53; 15) special technical specifications.

TABTE 2
Physical and Mechanical Properties of High-Hot-
Strength Shaping Bronzes with High Thermal and
Electrical Conductivity

,ZmeTpo. 6 An?,. Tepoc- rm,.

ISPOSOb I HCTaduIa3upon. . fPO4HGTh

Two-pa. MR cunana (xA MAI) np.: "PH 500*% Otb Teurn-ps ncwae
(no 9 'e K; , ?V n P i t 2 0 * M e rln - "' p wM X . 19..CB,•I.4 I.e p, - Ao- &IASt ) T&HUR osa peux AO

2%Ner (') 0 500- *0. (a ) paapy-m" aieas} 3 4, (1 na) 00 00 iaas em

10 j€anan a
6poIRS& . 85-90 0.0219 350 110-120 30 10 a - -

iI EpX0.5 80--s 0,4)219 - 110-136 54 42 20 7 105
12 5B N L 87--9o 0,0219 380 85-95 32 26 19 - -
13 M1SA . 85-7 - 510 95--1oo 40 35 2 -

M115 •- 520 110--120 56 52 - i t 40
Is MU4 . 75-78 0.0230 510 110-130 5 i 50 27 0 160
Ii BIpI . 65 0.0300 550 bo--180 - It0 40

17 OMN IN . 55-60 550 •0--18)0 146 20 45 14 19
0 . .1540 4 --170 11 I 70 32 12 145

a. o .. 75-80 440 _ 100-110 50 132 16. 6 154

li Alloy; 2) electr cal conductivity (% of conductivity of pure copper);
3 p at 200 (ohm.mml/m); 4) test temperature ( 0 C); 5) RB after heat

treatment (kg/mm2 ); 6) long-term hardness of stabilized alloy (kg/mm2 )

at; 7) long-term strength at 500*; 8) a (kg/mm2 ); 9) time to fracture
(hr); 10) cadmium bronze; 11) BrKhO.5; 12) MTs5B; 13) MTs5A: 14) MTs5;
15) MTs4; 16) VBrl; 17) MTs3; 18) MTs2; 19) EV.

nickel, and aluminum have high hot strengths; these include kunials

containing 6 and 13% Ni (MNA6-1.5 and MNAl3-3), the silicon-nickel

"bronze BrKNI-3 (see Silicon bronze), which is strengthened by precipi-

1968£
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TABLE 3
Technological Pressing Regimes for High-Hot-
Strength Shaping .3;-onzcs with High Thermal and
Electrical Conductivity

S- . ' e .... .. .Y[I ,) ..,-a. _______ -

n .3 i.OG1 Tein-pa (1C) m (vacuJ) •.pa (C) [

9 | ,C~u, I
" 0 s l • •- 78)--7 8;d ?g0-" '-A l1araproxe its o0-70%

10 Gp X O 5 12--0- I '-:. {"+,-7 1' 
5)0%

II M I, . .1 1141p--f 71) OI3J--- ;+' 10). -I.$ 476--490 4
12 MN t . . . II140--120' i ft ) - 1 ? , |)Iw--IIJVI) I1,0--1.," I 70--490

14 M113 . . . 5:I I - ')'-II5') 900--i5, I9.u--I. 5"10-520 5

15 M I2 . . 11• ) 0 "-IU 6 2 tJ ) --5_9 0 85a--9,ju f.0-1.3 510-520 5

1) Alloy; 2) temperature (*C); 3) casting; 4) forging; 5) quenching; 6)

temperature (00); 7) heating time (hq); 8) annealing; '9) "admium

bronze; 10) BrKhO.5; 1i) MTs5; 12) M s4; 13) VBrl; 14) AT'43; 15) MTs2;

16) cold working to 50-70%.

TABLE 4

Physical and Mechanical Properties of Certain
High-Hot-Strength Shaping Bronzes in Comparison
with Collector Copper

"C1ooleca 1 WomelIeOflPHS1 Opoms sarap. 13 "".i ' 4 0. "Or• Wfll
?hEpI3ae TOI 704R N '3w| ,. 0 III,•P U.

6 T up ) Y. 0.0 0. 1 1.02 :.

120-100!) ....... . . .. .. .3 0.0031 0.0025

I a.'cu.cu.'C; unpM 20 ) . • 0.20 0.12 0.30 . 0.0

9 (" ,,).. 1i : 11200 12000 12000 12100
eb((-0-1) 27 so 50 14

. It 20

1) Pro~crty; 2) solid collector copper; 3) cold-worked cadmium bronze'

4 BrKnO.5 chromium bronze; 5) VBrl multicomppnent bronze; 6) y (g/cmO

7) P (ohm.nm2 /m, at 200); 8) temperature coefficient of ele trical con-

ductivity (20-1000); 9) X(cal/cm'secooC, at 20-); 10) kg/mmý.

tation of nickel silicides (Ni2Si),. and the aluminum bronze BrAZhNI0-4-

4, which contains 4% Fe and 4% Ni (Fig. 2). Aluminum bronzes containing

iron and manganese (BrAZh9-4 and BrAZhMtslO-3-1.5) and silicon-mangan-

ese bonds (BrKMts3-1) have lower hot strengths. The high-hot-strength

shaping bronzes include a special group of alloys which combine an

elevated recrystallization temperature with high thermal and electrical

conductivity. This combination ofproperties i3 provided by a minimal

1969



1-38b3

alloying-element content in the copper solid solution, which raises the

thermal and electrical conductivity of the alloy. Moreover, the heat-

resistant constitu ents which precipitate frc:L the solid solution during

tempering reinforce the grain boundaries.-These alloys -include the

chromium-bronze BrKhO.5 and chromium-zirconium (MTs5, MTs5A), chromium-

cadmium (MTs5B), chromium-zinc (EV), and other bronzes (Table 1) con-

taining very small quantities of other components.(Ni, Be, Al, Mg, Si,I etc.). All.oys with high thermal and electrical condu.c~tivity usually
contain no less than 98.5-99.0% Cu, the total alloyi ng.-element content

not exceeding 1-1.5%. The properties of these alloys and their'produc-

tion and-processing regimes are chown in Tables 2-4. High-hot-strength

shaping bronzes are widely used f'or welder electrodes, the commutators

of electric motors, and other components which must function at ele-

vated temperatures. Cadmium bronze, an--alicy of --copper with.0.9-1.2%

cadmium, is an exception;.quenching and annealing have'no material ef-

fect on, this alloy and increased hardness can be obtained only by cold

working.

References: Zakharov, M.V., DAN SSSR (Proceedings of the Academy

of Sciences USSR], Vol. 65, No. 3, Ibid, in book: Issledovaniye spla-

vov ts~vetnykh metallov [Investigation of Alloys of Nonferrous Metals],

Collection 1, Moscow, 1955; Ibid, Metallovedeniye i obrabotka metallov

(Metalworking and Processing of Metals], 1956, No..5; Ibid, Sb. nauch.

tr. Mosk. in-ta tsvetn. met. i zolota (Collection of Sc4 entific Works

of the Moscow Institute of Nonferrous Metals and Gold]; 1955, No. 25.

0.Ye. Kestner

1970



.III-121p

HIGH-HOT-STRENGTH SPRING STELX- steel used in the manufacture ,of

springs and elastic sensing elements intended to operate at high temper-

atures. Such steel should have a high elastic (proportional) limit arid

durability, sufficient viscosity and plasticity, and high resistance to

Relaxation (attenuation) of stresses. Table 1 shows the chemical compo-

sition of high-hot-strength spring steel. Steel of this type is pro-

duced in strips 0.05-3.0 mm thick and in wire 0.1-14 mm in diameter.

Fig. 1. Proportional limit of types 70 (class IIA), 50KhFA, and 65S2VA
steel on torsion as a function of temperature: 1) 70 (class IhA) steel
(d = 2 mm); tempering at 2800; 2) 50KhFA steel; quenching from d50* in
oil, tempering at 4000; 3) 65S2VA steel; quenching from850, temper-
ing at 450*. a) kg/mm ; b) temperature, Oc.

The high-hot-strength spring steels whose mechanical characteris-

tics are shown in Table 2 are used in the manufacture of flat springs

for boiler and pipe fabrication. High-hot-strength spring steels of the

perlitic, martensitic, and transition classes (for working temperatures

above 400O) are employed in other branches of industry; the mechanical

characteristics and heat-treatment regimes of these steels are shown in

. Table 3.
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Mir ~ -4
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Fig. 2. Relaxation resistance of 5OKhFA and 65s2VA steels over 100 hr
(initial stress E = 56 kg/mm. for 5OKhFA steel and E= 67 kg/mm2 for
65S2VA steel) as 2 u~nction of tempering temperature at various relax-
ation temperatures: a) 5OKhFA steel; b) 65S2VA steel. 1) kg/mTm2; 2)
tempering temperature, OC.

TABLE 1
Chemical Composition of High-Hot-Strength Steels
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1) Steel- 2) ,content of elements W%; 3) no more than; 4) other ele-
ments; 51 GOST or TU, 6) 70 (class IIA); 7) 5OKHFA; 8) 65S2VA; 9) E1723;
10) 3Khl3 (EZh3); 115 4Khl3 (EMh4); 12) Ikhl2N2VMF (E1961); 13)
Khl5N9Yu (E1904, SN-2); 14) OKhl7N7GT (E1814); 151 OKhl7Nl3GT (K1816;
16~ 36NK~hTyu (N36KhTYu, E1702); 17) 36NKhTYuM (N36KhTYuM5, EP5l); 18)
N3 KhTYum8 (EP52); 19) Khl2N'22T3MR (EP33, E1696M); 20) KhN35VTYufEI787); 21) KhN35VT (El 612); 22) 4OIK~hNM (K4ONKhM); 23) 44NKhTYu
R43h) 2) GOST; 25) Spravochnik po svoystvam staley, primenyayenmykh

1972



III-121p 2

v kotlotrubostroyenii (Handbook of Characteristics of Steels Used in
Boiler and Pipe Pabrication], Moscow, 1958; 26) the same; 27) ChMTU/
/TsNIIChM; 28) design standard; 29) ChMTU.

TABLE 2

Mechanical Characteristics of High-Strength Spring
Steels for Flat Springs used in Boiler and Pipe Fab-
rication

5•|1,I~~ f) rllyu' I I0

*PIC - ... ,S I

114XI.A1 10-10--1050 , M.'AnJ 550 to 101 10,5 1. 47 15 41.0A
12 'PIS C;TyelI'-OR"WO 11,•3"3YX T'1,0-

- a,. li.l,''vww

.•0 . 2330o 50-41
720 -A50-.1200 660 I 00 . .. .2 o -- 40

1030--1050 560--680 20 7O 6 1 t o *, 187 14|0 -- $50

to p.pa- V.. -.

143M '612 wwnm I Ii. Bonsr 2 ~ :4N 1 0 1 : 8.1 I I4

n$g. 2 cIiKI 0 -I i - I - $ - 23300 5--

720 .4O.31 01n 20 44 -50 - 0-41 3- Sn - Zflft 22 47
7u 2 6540 1-4 1-3 t-2 5-3 2 000

15331f65 150 NOC A 1-l go *2 20 72 3I 1 72 20 - 64

pein; )_tmeratue(- 550in tim (hr); 7) test teprtr

310-- 70
143l612• 1180 1f0looa l~l

15)1176 ,,150 Mac'o 500 20 s.° '7 I 2 3 - 3

1) Steell 2) quenching; 3) temnperature (eC); 4) cooling medium; 5) tem-
pering; 6)•- tern~erature ( 0 C); 7) kholding time (hr); 8) test temperature

(°C); 9) kg/mmn; 10) maximum working temperature (°C); 11) 4Khl3; 12)
R18; 13) E1723 14) E1612; 15) E1765; 16) step-wise heating; 17) first;
18) second; 195 oil; 20) air; 21) the same; 22) water; 23) triple; 24)
double.

24 T Tapwa'pq

Fig. 3. Mechanical characteristics of 3Khl3 steel under torsion as a
function of temperature. Quenching from 1050* in oil, tempering at 450".
1) kg/mm'; 2) temperature, *C.
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TABLE 3
Mechanical Characteristics of High-Hot-Strength-Steel

forCylndrcalHelcalSprings Used in Machine Build-
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*G is the shear modulus at the test temperature and
G2 0 is the shear modulus at 200.

"**The maximum permissible working stresses ('dop) are

given for compression (static loading) of cylindrical
helical springs, without taking into account the re-
laxation of stresses at the working temperature.

1) Steel; 2) heat treatment; 3) kg/mm2; 4) test temperature (C); 5)
working temperature (OC); 6) 70 (class IIA); 7) 50KhFA; 8) 65s2VA; 9)
3Kh13; 10) lKhl2N2VMF (E1961); 11) EI816; 12) EK814; 13) KhisN9Yu
(SN-2, E1904); 17) tempering at 250-3200, holding for 1 hr, cooling in
air; 18) quenching from 8500 in oil, tempering at 370-470', holding for
1 hr, cooling in hot water, oil, or air; 19) quenching from 8500 in
oil, tempering at 450-5400 in oil, tempering at 400-450' for 1 hr,
cooling in air; 20) quenching from 1000-1050* in oil, tempering at 400-
5000 for 1 hr, cooling in air; 21) quenching from 1000-10200 in oil,
tempe ing at 500 ± 100 for 1 hr, cooling in air; 22) quenching from
950-1050' in water, cold-working to 80-85%; aging at 450-4706 for 2-4
hr, cooling in air; 23) quenching from 950-10000 in water, cold-working
to 35-50%, aging at 450-4800, for 1-3 hr, cooling in air* 24) quenching
from 10500 in air, cold-working to 50-60%, aging at 450-480' for 1 hr,
cooling in air; 25) quenching from 920-9500 in water, cold-working to
50-60%, aging at 650-6700 for 2 hr, cooling in air; 26) quenching from
11300 in air or water, cold-working to 20 or 40%, aging at 700 ± 20*
for 5 hr, cooling in air; 27) quenching from 11500 in air or water,
cold-working 30%, aging at 700 + 200 for 5 hours, cooling in air;
28) up to.
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Fig. 4. Relaxation rate of 3Khl3 steel over 300 hr at 350° (initial
stress T0 = 55 kg/mm2 ) as a function of tempering temperature. Quench-
ing from 10500 in oil, tempering for 1 hr. 1) kg/mmi; 2) tempering
temperature, *C.

a rqwee•

Fig. 5. Mechanical characteristics of lKhl2N2VMF (E1961) steel under
torsion as a function of tepperature. Quenching from 1000-10200 in oil,S tempering at 500°. 1) kg/mm":; 2ý temperature, OC.

ab

?20 - - -- -

l ,/ o•.. , •,,. • y"

r-1010JO0005 S2100200 40 2100 200J300400 500
2 Temw""gaC

Fig. 6. Mechanical 2haracteristics of E1816, E1814, and Khl5N9Yu (SN-2)
steels as a function cf temperature: a) E1816 steel; quenching from
1000-i050@ in water, cold-working to 75%, aging at 4500; b) E1814 steel;
quenching from 1000-10500 in water, cold-working to 35-50%, aging at
4700; c) Khl5N9Yu (SN-2) steel; quenchi5g from 10500 in air, cold-work-
ing to 60%, aging at 450-4800. 1) kg/mmC; 2) temperature, OC.
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Fig. 7. Mechanical characteristics of N36KhTYu and N36KhTYuM alloys as
a function of temperature: a) 1 - N36KhTYu, 2 - N36KhTYuM5, 3 -
N36KhTYuM8; quenching from 11500, aging at 650-7000; b) N36KhTYu;
quenching from 9700 in water; 1 - cold-working to 35%, 2 - cold-working
to 70%; aging at 6500. A) kg/mm2 ; B) test temperature, OC.

Fig. 8. Ultimate strength and modulus of elasticity of K4ONKhM alloy
as a function of temperature: 1) Cold-working to 30%; 21 cold-working
to 50%; 3) cold-working to 70%. Aging at 5000. a) kg/mm ; b) test tem-
perature, C.

Figures 1-8 show the change in the mechanical characteristics of

certain high-hot-strength spring steels as the ambient temperature

rises and as a function of tempering temperature (the technical limit

of proportionality T pts is defined as the stress corresponding to an

increase of 50% in the slope of the torsion curve in comparison with

its linear segment).

Wire of E1696M steel cold-worked to 40% is recommended for the

manufacture of springs to operate at temperatures of up to 5500, while

wire of this type cold-worked to 20% is recommended for working temper-

atures above 550*. Type E1696M steel does not provide complete stabili-

zation at temperatures above 6000; on loading for 300 hr it undergoes

rel-Lxation by 4% at 6500 and 11% at 700e. The stabilization regime for

1977
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each individual type of standardized spring has now ~been e.stablished.

experimentally. Electropolishing is employed to increase the corrosion

resistance of high-hot-strength spring steels of the martensitic and

transition classes containing less than 18% chromium. Sprinien fabrica-

.ted from 5OKWFA and 65S2VA steel are cadmium-plated for the same pur-

--,,,Pose. The temperature to which the springs are heated should not exceed

the melting temperature of the plating (cadmium melts at 3210). Brit-

tle fracture rea ily occurs if this condition is not observed. In order

to protect springs fabricated from E1606M steel against gaseous corro-

sion they must be plated with a 10-15 j± layer of nickel matte immediate-

ly after winding. High,-cai-b(. ;princr wire cannot be subjected to super-

ficial degreasing, since this reduces the relaxation resistanc e of high-I hot-strength spring steel.
* ISteel of this type is used in the manufacture of elastic elements,

--~including various kinds of springs, membranes, and spring components.

References: Gintsburg, Ya.S., Relaksatsiya napryazheniy v metal-

lakh [Relaxation of Stresses in Metals], Moscow-Leningrad, 3957; Vol-

kova, T.I., in collection: Voprosy metallovedeniya kotlotrutinnykh ma-

terialov [Problems of the Metalworking of Boiler and Pipe teil]

Moscow, 1955 (TsNIITMash [Central Scientific Research In sti1tute of

Technology and Machine Building], Book 71); Idem, Metallovecieniye. i ob-

rabotka metallov [Metallography and Metalworking], 195.8, NoJ 6; Selyavo,

A.L., ZL, 196c, Vol. 26, No. 2; Selyavo, A.L. et al.,,Metallovedeniye i

termicheskaya obrabotka, metallov (Metalworking and Heat Treatment of

Metals], 1961, No. 11; Sol'ts, V.A., in book: Spravochnik pý mashino-

stroitel'nym materialam (Handbook of Machine-BidngMtrasVl

1, Moscow, 1959; Idem, in collection: Perspektivy rziiaurgk

chuvstvitel'nykh elementov fProspects for the Development o¶ Elastic

Sensing Elements], Moscow, 1961; Shpitsberg, A.L., in collection: Elek-
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tropromyshlennost' i priborostroyeniye [The Electrical Industry and

Instrument Building], No. 21, Moscow, 1960.

A.L. Selyavo
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HIGH-HOT-STRENGTH STEEL- see High-hot-strength stainless shaping

steel, High-hot-strength stainless casting steel, High-hot-etrength

structural shaping steel, and High-hot-strength structural casting

steel.

1
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HIGH-HOT-STRENGTI: STRUCTURAL CASTIFG STEEL - alloy steel for cast

machine components to operate at elevated temperatures (up to 550-6000).

For a description of steels which will ensure components functioning at

higher temperatures see the article entitled High-hot-strength stain-

less casting steel. The high-temperature strength and creep resistance

of these steels is increased by additions of Mo, Cr, W, and V. The most

widely employed high-hot-strength structural casting steels are 20ML,

25ML, 20KhML, 30KhML and Kh5ML; type Kh6N2MVF is used in the manufacture

of aircraft-engine components. Table 1 shows the chemical composition

of these fields.

TABLE 1

Chemical Composition of High-hot-Strength Structural
Casting Steels

CIan i C SI xNo , Cr NtI MO P"

20o2 . .... 0 5- 0.20- 0.5- 0.01 0.04 - _.3 a.4-0.25 0 45 0.5-8 .t OO , 0" t.6-

25M'I 6 . 0.21)- 0.21 -- 0.5- 0.04 0.04 1 6.3 - 0.4- 0.3Cu
0.30 0,411 0.8 0.6 0.3Cg

20XMJI 0.15- 0.17- 0.5- 0.04 0.04 6.-- <0.3 0.4- -
f.. .. ,25 0,.17 O,A 0.7 0.6

2o8 .. 0 o.:18- 0.212- 0.4- 0.03 0.03 0.,t- <0.3 o.5-- 0.2-
0.25 0.35 0.6 1.2 0.7 1..v

30XMJT . . . 9. . . 0.25- 4n. 5 0.4- 0.05 0.05 0.4- -CO. 4 ". 15- -
0.35 0.7 I.I 0.25

XM . . .0,15- 0.5- .- 0.045 0.040 4.e- 0.5 - -I
XD* 0.30 0.70 0.6 65 50.5XSH2ND(D 0 .11. o 8- 0.., 1 ,5 .. 45 5o5 - 1.5- 0,5 k:l0.26 0,60 0,60 Z .3 0.45 0,-I,3V

I) Steel- 2) chemical composition (%); 3) no more than; 4) other ele-
ments; 5) 20ML; 6) 25ML; 7) 20KhML; 8) 20KhMFL; 9) 30Kh-ML; 10) Kh5ML;
II).Kh6N2MVF.

Prolonged exposure to elevated temperatures (above 4Q00 ) causes

hot shortness (a decrease in viscosity) in steels of the perlite class.

Chromium-nickel and copper steels are also subject to hot shortness.
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TABLE 2
Minimum Mechanical Characteristics
of High-Hot-Strength Structural
Casting Steels

12
5S 20 .0

6h
7 juo.

Afiflo6

J MO IX;, 'ro* o

/cl;5) 20ML; 6 5L )'-~V;)2KML )3KM;11K5L 1

Kh6N2MVF; 12) normalizat~~~~~ionadtmeig 3 omlzto t00

920 ndtmprigat65-700 14) nomlzto t88-0c-rýtm

pein t 0-60; 5 nralztinat900ad epeig t700
16) th ae*7 unhn rm150adtmeiga 20

M. im wO 200 dw~ ~0 0 100

Fig. 1. Mechanical characteristics of 2CKhI4L steel (solid line) and
20FJAFL steel (dash line) at elevated temperatures . 1) kg/mm2 ; 2) kg-
rn/cmr-; 3) temperature, CC.

*Fig. 2. Long-term strength of 20K',.L steel over 100,000 hr (solid line)
:.and creep strength (dash line) of same steel over 100,000 hr at eleva-
ted temperatures in the presence of 1% residual deformation. 1) kg/mm2;
.2) temperature, OC.

Chromium-molybdenum, chron i um-mnolybdenum-vanad ium, and chromium-molyb-

denum-.tungsten-vanadium steels have a high resistance to hot shortness.
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Fig. 3. Long-term strength of 20KhMFL steel over lO0,O00 hr (solid line)
and creep strength (dash line) of same steel in the presence of residu-
al deformation (1% over 100,000 hr) at elevated temperatures. 1) kg/=m2 ;
2) temperature, *C.

The majority of high-hot-strength structural casting steels are used

with a perlitic or sorbitic structure after annealing or normalization

and high tempering. The mechanical characteristics of these alloys are

shown in Table 2.

The mechanical characteristics of castings are checked on specimens

cut from separately cast test bars, which are heat-treated together

with the castings. Figures 1-3 show the mechanical characteristics at

elevated temperatures, creep strength, and long-term strength over

100,000 hr for 20KhML and 20KhMFL steels. Figure 4 shows the mechanical

characteristics of Kh5ML steel as a function of tempering temperature.

The mechanical characteristics of this stcel at low temperatures are

shown in Fig. 5. Figure 6 represents the mechanical characteristics of

Kh6N2MVF steel at elevated temperatures. The long-term strength of this

steel over 100 hr at 6000 amounts to 16 kg/nu 2 .

Sol I IlWI ~ ,S1T: • -T .... p

S0 J3 r

10 3

2 r., .. ..

Fig. 4. Mechanical characteristics of Kh5ML steel as a factor of tem-
pering temperature (quenching in oil from 8750). 1) kg/nm2 ; 2) temper-
ing temperature, °C; 3) kg-m/cm2 .
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,1 V

Fig. 5. Mechanical characteristics of Kh5ML steel at low temperatures
after quenching and tempering/ at 5500 (soi lie and650(ahln)
1) kg/nmm 2) temperature, OC; 3) kg-m/cm•

40%4
20 100

'( 0 400 50'0 6&00

Fig. 6. Mechanical characteristics of Kh6N2MVF steel at elevatedutem-
peratures (quenching from 1050* and tempering at 7205). 1) kg/60 ds 2)
temperature, 3C. r

The physical characteristics of 20KhMFL steel include: y= 7.8,

ca106 (1/*C) = 11.0 (25-1000), 11.9 (25'2000), 12.9 (25-300-), 13.1

(25-4000), 13.5 (25-5000), 13.8 (25-6000), and 14.1 (25-7000), and

X(cal/cm-sec. 0 C) = 0.117 (1000), 0.102 (2000), 0.088 (300*), 0.075

(400°), 0.066 (5000), 0.060 (6000). Its critical points are A = 7770,

Ac= 8680, Ar = 6830, Ar 8000. The physical characteristics of
c 3  rIr3 . 6

Kh6N2MVF steel include: Y = 7.88 and a.10 (I/°C) - 11.1 (20-1060),

11.9 (100-2000), 12.7 (200-3000), 12.7 (300-400), and 13.4 (400-5000).

Steels of this type are used in boiler and pipe fabrication for

steam-turbine component. (.alve housings, cylinders), boiler installa-

tions, and high-pressure (up tu 100 atm) piping to operate at tempera-
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tures of up to 500-5500, as well as in the shipbuilding industry for

naval-equipment components to operate at temperatures of up to 500-550*

and in the petroleum industry for cracking-unit components and fittings

to operate at temperatures of up to 500-550* and pressures of up to

40 atm. Type Kh6N2MVF steel is used for gas-turbine housings to operate

at temperatures of no more than 7000.

References: Nckhendzi, Yu.A., Stal'noye lit'ye [Steel Casting],

Moscow, 1948; Liberman, L.Ya., Peysikhis, M.I., Spravochnik po svoyst-

vam staley, primenyayemykh v kotlotrubostroyenii (Handbook of Charac-

teristics if Steels Used in Boiler and Pipe Fabrication], 2nd Edition,

Moscow-Leningrad, 1958; Kershenbaum, Ya.M., Markhasin, E.L., Yaroshev-

skiy, F.M., Tekhnologiya proizvodstvo neftepromyslovogo oborudovaniya

[Production Technology of Petroleum-Refining Equipment], Moscow-Lenin-

grad, 1948; Steel Castings Handbook, Cleveland, 1950.

N.M. Tuy:evich
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HIGH-HOT-STRENGTH STRUCTURAL SHAPING STEEL - steel used in the

manufacture of components to operate at temperatures of up to 500-550*

for prolonged periods and up to 700* for brief periods.

1' I4

3

teprn tepraue ,C 3) kg-mcn,-

IsM
YE

a

i2 reom, , °oL

Fig. 1. Influence of terpering temperature on the mechanic alscarac-
teristics of 38KhA steel (quenched from 8500 in oil). 1 ) kg/mtmp;2)
tempering temperature, *C; 3) kg-m/cm2 .

The characteristics of this material include a capacity to with-

stand working stresses for prolonged periods, high fatigue strength,

satisfactory hot strength, arid low susceptibility to temper and thermal

brittleness. They include zsteels of the perlite, martensite, austenite,

and transition (ausitenite-martensite) classes. High-hot-strength struc-

1 1986
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215

Fig. 3. Mechanical characteristics of 4OKhNVA steel as a function of
tempering temperature (quenching fron 8500 in oil). 1) kg/mm2 ; 2) tem-
pering temperature, 0C; 3) kg-m/cm

TABLE 1
Chemical Composition of Perlittc High-Hot-Strength
Structural Shaping Steel

Lz ___, i~ f:: ~ .0 co.Mp.,. . saue~l oS ( )
jOIA.....02513 o.st . U to n•o~ .," w , :-

7 3XA . . . o -0. 2.11,32 0, 17-0.3. 7 0.450-o.. s .Ru-- ,10 .. e- -- i- ++ ... ,.4,S3o.IAi ..I . . S2 0, 3..0 5 0.10-1.02 (1. 0-0.- I 8,a n. - ..e.Se I- it - ,,t, , .
30XrCHA . ý.. 370,19-<' 0.11-- 1 10| . 30 - 0 1.10-1 .20 1o.44-.| .00 e -- - ,Si lM A .. m .. ::.5-01,33 0, .17--..1 0,10-0.7) 0 -- I .0 40a. I @ . I1 - " I. I , I.

""20 -IN . . .0, - . 17 - 0 - .10--. 0 0 140,.1 1.I0-•1,50 - . - j , I 1,5.1

1 0SIH laIA . . 0.13-0.24 .0.4 0.25-0.10 2.4-3.3 <0 s5o .30-1.$0 1.60- -5 I 5,,0110 :: X.) )]•A
nI3 X2H2B-V4 . 2:" :.27-0.4 '11.|--1.1: .8- .0 I.0- +n 14 -I+; ,"- .• .I• 2 ~ l ,+I

30UX HMVB % 00 0.27- :n414 ": 1 -- 1.7 1-34)-d-,1 4D lI)-;, .W) 1 .411-1 , 10 1 .20-t .. al .I8- .21 U. 0-0 1 I+ ,1 .
.. OXHHRA 4.• a,7-0 70,I -U37 0.40--0.80 0.10--6.90 1.25--1.75 0.8la--.20 --- 3I 0 +U'14k 3 1XH3MA

(OXH3MA) . " 0.2--0.37 0.11-0,37 0.50-0 . 0- .0 .. . -- 0.2n0-0 3J 10.3t 0.030

1) Steel; 2) content of elements (%); 3) no more than; 4) 38KhA; 5)
3OKhGSA; 6) 30KhGSNA; 7) 30KhMA; 8) 30Kh3VA; 9) 20Kh3MW (E1415); 10)
23Kh2NVFA (E1659); 11) 30Kh2N2VFA; 12) 30Kh2N2VFM4A; 13) 4OKhNVA; 14)
33MhN3MA (OKhN3MA5.

tural shaping steels of the perlite class utilize Mo, W, V, and Nb as

solid-solution hardeners. A relatively small amount of these elements,

especially Mo or W, greatly increases the resistance of the steel to

plastic deformation at elevated temperatures. The hot strength of these

perlitic steels is also favorably affected by Mn and Nb, as well as

!all quantities of Cr; it must, however, be kept in mind that Mn makes

steel hot-short. Perlitic alloys of this type achieve their greatest

hot strength by complex alloying of the solid solution with Mo and W
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TABLE 2

.Mechanical Characteristics of High-Hot-Strength
Structural Shaping Steel (perlitic) at Elevated
TempeLatures (no less than)*

f TP.......•M _I"" a '_ -•. -

I _ (.i•' ') = + - h

2 21 23' 4 lc 4b%-

IOXA 1E 3.lgaw Poo- 9 z 1 95 - so 3 3,3-3.6
WACae, otn7Cw nPr 200 tot N4 I 59 -" i520 alI iT•;le man 4ll I 1 7 go z

""11i1 11 5o 1S 0 3 ,- ,- 4
OXi 3. a waa.1 e 84 l* 0 1111 I S9 14 54 72 40 -- 3.2-3.4

""h Aae, rOryCI' Opg 200- - -, -- t i
9 **mc 0  400 92 NO 96 9 - - t -

'1 0 500 70 65 210 9 4 - 24 ' -
lO4flTWA 3APl 1na t 0340 5 20 140 135 I 45 - - t -

10 I caC. oTCnOc UIp 200 16" "1 9 , 15 - -
10 I 200 2 40e 150 12% Iii S. - -111 il 54 1 115 35 9 55 4MIMia 3aiqamawsclO" •i.- 2) 95 73 9 2 '5il 42 76 -- I• 3.3-3.6

10 •1 i u upw 60 1,01 2i10 Ail 65 20 I5 3M 22 29 -
"40'0 74 a o 0 7 15 37 19 -- 1610 22 1A3 o 57 511 1l, P .2 1 - 13 -

86139A 3a4urmsa e e 0AR a 2) 10f6 93 - A4 - - 14 3.2-3,41
12 "IC-,@T•waen UP- 44,, 9 .77116162 - - 7 16

-- 00 " OO0 ' 9 72 20 71 - - 40 -
I0][3019 3awaaxa g31020- 2,) 92 43 1i A 6 53 211 - 4 8.3-3.1

(49145r1) 1050. a Unecai, ,r. 401? 7. 4i 15 3 46 - -" -
13it :i:; 6114. a Te- 5Ill' 67 6 17 63 44 5 41 7-

SuIDi.A 3al awasa c 8900 s 20 17.15 It@ 13 55 - - 6 3.0-3.8
UgIMOTU7C 14mcs 1cm 4"') 00 25 111O0 5 3 - - 115 - -

Soo* 500 (15 3 7 $3 - - -S
861211280A 3ansaa 2 0p a o 916 109 Is 57 .56 36 - 3.3-3.5'.

15 0at. crnyC ,lha 4411) 103 4' 3 2 50 52 3. 7 0 - -
15 6"48 2" 500 V 2 66 12 56 50 2V 34 - -

4 o00, o 20 L, ,i, 9% 6 62 - - ,0 3.3-3.5
16 Oenae5800 200 4tot hs 94 5M - It 1.

99 4 76 15 64 ýO - 9 -27 50 768 $1 19 73 49 - 5-

I3XRIMA 3anaawa e 8600 a 20 97 47 90 50 , -- 13 3.6
(SIHUMA) Macae, orayex nra 2110 92 7I 16 Ol - Is- -- _ - - -7

6i 0*; wopan :,ia- 0,0 86 79 2 71) - - Is
17 I aar&a C $o or. S0oo 62 ,5 Is 75 - - 10 -17 Ole , Urp, 656'.

*Mdulus of elasticity E = 19,000-20,0000 kgihm.

1) Steel; 2).heat treatment; 3) temperature (°C);'4) kg/mm.2 ; 5) un-
notched specimen; 6) notched specimen; 7) kg-mr/cm2 ; 8),38KhA; 9) 30Kh-
GSA; 10) 30KhGSNA; 11) 30KhMA; 12) 30Kh3VA; 13) 20Kh3MVF (E115); 14)
23Kh2NVFA (E1659); 15) 30Kh2N2VFA; 16) 40KhNVA; 17).33KhN3MA (oKhN3MA);
18) quenching from 8600 in oil, tempering at 5200 in water-or oil; 19)
quenching from 8800 in oil, tempering at 5600 in oil; 20) quenching
from 9300 in oil, tem pering at 2000; 21) cuenching from 870* in water,
tempering at 6000; 22) quenching from 880w in oil, tempering at 6000.
23) quenching from 1020-10500 in oil, tempering at 6800 for 7 hr; 241
quenching from 8900 in oil, tempering at 5000; 25) quenching from 940°
in oil, tempering at 6400; 26) quenching from 8600, tempering at 580°;
27) quenching from 8600 in oil, tempering at 6800, second quenching
from 8600, tempering at 650°.

or Mo, W, and V.

Table 1 shows the chemical composition of the most common high-

hot-strength structural shaping steels of the perlite class. These ma-
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AB LE 3
Physical Characteristics of
Certain Types of High-Hot-
Strength Structural Shaping
Steel

Cwma1  ~ j ~4
J7 0O100 Sn

3RXA ~ ~ ~ -
. 3.. I, 41 012 On~l

1 1X OIIA.......1. --i 50I53'

I-xr '.A .1. . .. 5 .. 1

13 X113MA . 1. .5
21I1.1#00A . . I. . 14 4 go.al got?7
4OHItIA. .. . ..... S' - 0 065 1-0"1
IOZ tIIA - - 0 070 0,07N

3OXH2~11. 1.3 14.,111 0,0 jsall

1) Steel; 2) cal./cm-sec.0C; 3) 38KhA; 4)0 OKhMA; 5) 3OKhGSA; 6) 33KhN3Z4A;
7) 23Kh2NVFA;. 3) 4OKhNVA; 9) 3OXhGSNA; 10) 201Gi31,flTF; 11) 30Kh2N2VFA

TABLE 4
Forging Regimes, Hcat-Treatrnent Regimnes, and Appli-
cations of High-Hot-Strength Structural Shaping Steels
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1) Steel; 2) forging- and stamping range ("C); 3) heat treatment; 4)
critical points (C); 5) ap lication; 6) 38KhA; 7) 30KhOSA; 8) 30KhGSNA;

930KhMA; 0).20Kh3IVF (I•15; 11) 23KJO2NVFA (EI659); 12) 30Kh2N2VFA;
13) 4OKhNVA; 14) 33KhN3MA (OK-,N3111A): lc) holding In furnace at tempera- •
tures not above 900', forogir~i,: at 114o + 200, final forging temperature
not below goo*; 16) preliminary normal'[zation at 850", tempering at J+;

660°, final quenching froi 6600 in oil, tempering at 590 17) prelim-
inary treatment: incomplete annealing at 780%, high annealing at 9000
with furnace cooling to 6500, final annealing, quenching from 8900 in
Soil, tempering at 5100, cooltnr, in oil; 18) preliminary normalization
.at 9000, accelerated annieallný at 7800, furnace cooling to 650%, low
annealing at 680-7000. Finsa. quenching fror: 8.900 In oil, tempering at
200-300°; 19) preliminary nor!:,alization at 860-880°, tempering at 580-
650, final quenching from 870-8800 in oil or water, tempering at 550-
6500; 20) preliminary normalization at 950°, final quenching from 1030-
1080° in oil or air, tempering in air, temnering at 660-7000; 21) nor-
malization at 890 + I0°, temrpering at 5000, quenchin from 890 + 100 in
oil, tempering at •00°; 22) norr.alization at 930-980 , tempering at
650-8400, quenching from 890-94;0', temr:pering at 560-6000; 23) normaliza-
tion at 9500, high tempering at 650; 24) quenching from 8600 in oil,
tempering at 580*; 25) norm~alization at 9500, tempering at 6500, quench-
ing from 850-870° in oil, tempering at 6900, second quenching from 8600,
tempering at 6500; 26) bolts,pins, g;earo, low-stress components operat-
ing at up to 3500; 27) load-bearing canponents operating at up to 4000;
28) aircraft components; 29) lond-bcazrng components operating at up
to 4500; 30) disks, facings, rings, and other components operating at
up to 500°; 31) welded and unwelded components operating at up to 5000;
32) high-stress components (disks, shafts, blades) operating at up to
560 ; 33) stressed components operating at up to 5000; 34) stressed
components operating at up to 4500.

t rials are produced in bars and forgings; types 38KhA, 30KhiSA, and

"3 1KhGSNA are also produced in seamless tubing up to 133 mm in diameter.

"All these steels have a hardness HB(dot4 = 3.9-4.0 mm after an-

n aling or normalization and tempering. Table 2 shows the mechanical

cliaracteristics of high-Thot-strength structural shaping steels of the

pqrlite class at elevated temperatures.

I Figures 1-3 show the influence of tempering on the mechanical

characteristics of 38KhA, 23Kh2NVFA, and 40KhNVA steels.

The change in modulus of elasticity as the temperature rises is

a smilar to that for carbon steel. The physical characteristics of these

a2 loys (Table 3) are also ....milar to those of carbon steels.

The forging regime, preliminary heat-treatment regime (at the pro-

1990
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ducer plant), and final heat-treatment regime (at the consumer plant)

for high-hot-strength structural shaping steels and their fields of ap-

plication are shown in Table 4.

High-hot-strength structural shaping steels can be welded, although

special restrictions are necessary for certain types.Thus, 30KhGSNA

steel can be Joined by arc (manual or automatic) or atomic-hydrogen

welding, but not by gas welding. Both quenched and low-tempered steels

of this type can be welded (see High-strength structural steel). Type

20Kh3MVF (E1415) steel is readily welded by the arc (manual or automa-

tic) or argon-arc resistant method and satisfactorily welded by the

atomic-hydrogen or eas method (see High-hot-strength structural casting

steel).

References: Alekseyenko, M.P. Struktura i svoystva teplostoykikh

konstruktsionnykh i nevrzhaveyushchikh staley [Structure and Properties

of Heat-Resistant Structural and Stainless Steels], Moscow, 1962; Liber-

man, L.Ya. Peysikhis, M.I. Spravochnik po svoystvam staley, primenya-

yemykh v kotlotrubostroyenii [Handbook of Characteristics of Steels

Used in Boiler and Pipe Fabrication], 2nd Edition, Moscow-Leningrad,

1958; Pridantsev, M.V., Lanskaya, K.A. Stali dlya kotlostroyeniya

[Steels for Boiler Fabrication], Moscow, 1959.

M.F. Alekseyenko
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HIGHLY PLASTIC STAINLESS STEEL is a structurally stable austenitic

steel with high deformability in the cold condition which is used for

fabricating detail parts which require deep drawing (watch and clock

cases, dental crowns, etc.). The type 12-12 chrome-nickel steel with

carbon content not over 0.1% (Fig. 1) has the highest plastic proper-

ties with satisfactory corrosion resistance under everyday conditions

(wristwatch cases).

13

t

eU cI O?09 '2 ' B I

Fig. 1. Variation of penetration depth in Erichsen test as a function
of sheet thickness for various steel types. 1) £richsen test penetra-
tian depth, mm; 2) carbon; 3) sheet thickness, mm.

Steels of the chrome-nickel grades OKhl8N9 and 0KhIl8Nll per GOST

5632-61 (see Austenitic Stainless Steel) are used to fabricate other

detail parts which have higher corrosion resistance. The 12-12 type

steel is produced on special order.

The effect of nickel content on the variation of the hardness of

18% chrome steel as a function of the degree of reduction during cold

deformation is shown in Fig. 2. Figure 3 shows the effect of nickel

1992
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Mechanical Properties of Highly
Plastic Stainless Steel

.. ,. o.. 6 9
2 .,'aA') J %

12-12 IS1- 50-45 ;P20 >SS -

OXtIHII
(jH"6S4) 125- 50-65 1,20 ý1S0 -

160
OX 1119 t3 -- 7i 54 :1l11 ;oso _ _so|OlI()) ~ l

*Used in Germany as grade Kh8CrNi-
12-12.

13 Steel; 2) (kg/m2) 3) 01hl8Nll
4 O~l8N9(EYaO).

#50

Fig. 2. Effect of nickel content on variation of hardness of 18% chrome
steel (quench. from 11500) as a function of degriee of reduction prior
to rolling: Al Type 18-8 steel with 0.09% C; B) 18-12 type ste~l with

S0.08% C; C) 18-15 type steel with 0.09% C (Jones). 1) HB kg/mm'•, 2) de-
gree of reduction, •

is ,,'a4c

.00 J

705

SIF to W Jý 0 so 0 to WO N0 60

Fig. 3. Effect of nickel content in 18% chrome steel with 0h05% C and
0.14% C on mechanical roperties as a function of degr o redo rduction
during cold rolling. i) ab, kg/mm; 2) degree of reduction, %.

1993



II-28N2

content on the capability of chrome-nickel steel for strengthening dur-

ing cold rolling. The highly plastic stainless steel welds well using

various techniques, but just as the steel with high carbon content

(more than 0.06%) it must be subjected to heat treatment after welding

to avoid intercrystalline corrosion. Heat treatment of detail parts

after spot and seam welding is not mandatory. Steel with 12% Cr is

corrosion resistant under atmospheric and household conditions. Steel

with 18% Cr content is resistant in more aggressive rieala (foodstuffs)

and in nitric acid.

iReferences: Gudrer.on E., Special Steels, translated from German,

Vol. 1-2, Moscow, 1959-60; Khimushin, F.F., Nerzhaveyushchiye stali

(Stainless Steels), Moscow, 1963.

F.F. Khimushin
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HIGH-PERMEABILITY SOFT MAGNETIC ALLOY is an alloy having high in-

itial (40) and maximal (4max) permeability in weak fields and low co-

ercive force Hc. The most inportant of the high permeability soft mag-

netic alloy3 are the alloys based on Fe - Ni (40 - 80% Ni) of the Per-

malloy type (see table). The alloying additives (Mo, Cr, Mn, Cu) are

introduced to increase the electric resistivity p, the magnetic proper-

ties and to simplify the heat treatment. The low-nickel Permalloys 45N,

50N and 50KhNS (figure) have high saturation magnetic induction Bs,

high resistivity p and therefore are used in equipment with magnetic

biasing (cores of low-power transformers and chokes in communications

equipment, the automation, in instrumentation). The grain-oriented al-

loys 50NP and 65NP have a rectangular hysteresis loop (close to unity

ratio of the residual induction*Br to the satuation induction Bs) and

are used for cores of magnetic amplifiers, switching chokes, computer

elements. The high-nickel Permalloys (79NM, 80NKhS) have particularly

high 40 and ýLmax. The alloys 5'NP and 65NP are delivered in the form of

cold rolled strip of thickness 0.02-0.1 and 0.02-0.5 mm respectively,

the remaining alloys are delivered in the form of cold rolled. strip and

sheet of thickness 0.02-2. 5 mm, hot rolled 3-22 mm sheet and rods of

diameter 8-100 mm. Supermalloy (79%. Ni, 16% Fe, 5% Mo) has the highest

6permeablility (4max to 1.5. 10). Heat treatment of the Permalloys a-

mounts to annealing in a vacuum or in hydrogen with subsequent control-

led graduated or slow cooling.
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Magnetic Properties of Permalloy Type Alloys

ium pE(MAP u .w Wm e 0I WNW) tow

t *n . 1 T?0S-3106 1000-2-000 *.6 .4. 1 tOu-t
% OvH . . 1300"-000 20000"6009 O.'s -0.1i I1 6009 -

n. 3$ll*I O..0 0 21 S00000 00 .2 -0. t: MO 0.000
.".. ll n ........ *00-2000 70000--00004 0.0--0.01 j StSt 9

ON ,0HXC .... 1600-S200 I60n0--.00.,0 16, 2$-&.l - 0ufv -isl ?9"M ..... 1 14000--25000 ?C11O09-110 0 . 95.-OU b•' (ism-

1SonxC .... I004-S16000 Tu400-I1009 0,0-- of 7 0

1) Alloy' 2) 4 (gauss/oe, no less than);)m). (gauss/oet no less
tthan)han); hB us less than5 6)lBs
with H = lO H (no less than); 7) 45N, f) 50N; 9) 50NP; 10)65NP;ll
NMhS; 12) 79NM 13) 80NMhS.

Magnetic saturation (B.), 47Is, and electric resistivity of the Fe-Ni
alloys

2

A '
1i Magnetic saturation; 2) -p-s -- iiCr ohms /6 m3 electrical resistivity;

41 Ni content.

Promising alloys are Fe-Al with 16% Al (Alfenol, tO to 2870,( amax

to 115,000) and Fe-Al-Mo with 15-16% Al.and 3.3% Mo (Termenol, 4O to

7750, jiax to 145,000). In these alloys the high magnetic properties are

combined with high electrical resitivity (150-160 microhm-cm), low den-

sity (about 6.5 g/cm3), corrosion'resistance and strength at high tem-

perature.

A high permeability alloy is the nondeformable alloy Alsifer (Sen-

dust), containing 9.6% Si, 5.4% Al, balance Fe (•0= 35100, max 11700

H 0,022). It is used in the form of shape castings for parts of wag-

netic circuito with constant magnetic flux and in the form of powder

for the fabrication of magneto-dielectrics.

References: Gabrielyan D. I., Klevitskaya 0.Z., Puzey I.M., Stand-
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artizatsly (Standardization), 1960, No. 10, page 48; Smolyarenko D. A.

Kaplan A.S., ibid, 1959, No. 3, page 13; Zaymovskiy A.S., Chudnovrkaya

L.A., Magnitnyye materialy (Magnetic Materials), 3rd edition, M.-L.,

1957 ( Metally i splavy v elektrotekhnike (Metals and Alloys in Elect-

rical Engineering), Vol. 1); Bozort R., Ferromagnetism, translated from

English, M., 1956.

B.0. Livshits, A.A. Yudin

1997
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HIMI-PURITY AUMINUM - see Types of aluminum.

1998
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HIGH-PURITY NIOBIUM is obtained by electron beam melting and also

by vacuum sintering, vacuum induction melting in the suspended state,

zone melting without crucible, and by the iodide method. The table

shows the impurity content in high-purity niobium (weight %) obtained

Impurity Content in High
Purity Niolium Obtained by
Various Methods

2 3
HR06114 ,aw?- I I"or." . em- AL

5 Coaopmaune npolocell

S... o0 I .$l -- 2,s-lo-I 0)+ i* -*O

.N l.iO'--3"lO-° •1 .IO~t 52. S" 0"
I tl.lO .' <I10- -

C I.-t-o'-2, - (3-10)-tt 1.3.010
AI <2 10 - -

CA <i:10i< '110
To <2.t ' <2"10i 1"*l0
Pb 4&.50'-0 <' CI --
SI <1.10-'- <t-l1.4 -

<S.tO1-
an <2.10'*

TI <-3•0-0 <510-&

Zr <5-to-o

*First number applies to Industrial metal reduced
by the carbothermic method from a mixture of niobi-
um, oxide and carbide and remelted twice; the second
numbers are minimal values (literature data).
**For metal obtained by laboratory methods (litera-
ture data).

1) Element (impurity); 2) niobium produced by electron beam melting*;
3) niobium produced by vacuum sintering**; 4) niobium produced by elec-
tron beam zone melting; 5) impurity content.

by electron beam melting, zonal electron beam melting, and by the pow-

der metallurgy methods - sintering niobium which has been reduced by

the carbothermic method at 2300* (see Carbothermic Niobium). The prop-

erties of high-purity niobium differ markedly from the properties of
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the technical metal. For example, its Brinell hardness is 45-55 in

place of 70-120 kg/mn for the technical metal (see Niobium), t isLB

close to 2500* in place of 2415, and so on. Monocrystals of specially

pure niobium are obtained with a length of about 0.5 meters. The high-,

purity niobium is produced on an industrial scale. High-purity niobium

finds its primary application abroad in nuclear power production, pro-

duction of Itigh-temperature alloys, and in radioelectronics.

References: Kolchin, O.P., Sumarokova, N.V., and Chuveleva, N.P.,

Polucheenlye plastichnogo niobiya [Obtaining Plastic Niobium], "Atomnaya

energiya" [Atomic Energy], 1957, Vol. 3, No. 12, pages 515-24; Rare Me-

tals Handbook, 2nd Edition, London, 1961; Proceeding of the Fourty Sym-

posium on Electron Beam Technology, 29-30 March, Boston, 1962; Miller,

S G.L., "Ind. Chemist," 1962, Vol. 38, No. 451, pages 455-60.

O.P. Kolchin

•2. .0
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HIGH-PURITY TANTALUM - metallic tantalum obtained by smelting in

an electron beam furnace. Tantalum is an extremely refractory metal,

which is easily oxidized at elevated temperatures, for which reason it

is smelted in electric arc vacuum furnaces or in smelting installations

with electron beam heating. A water-cooled copper crystallization pan

is used as the crucible. Due to the high rate of evacuation of harmful

gaseous impurities, ease in adjusting the smelting process, possibility

of using wastes and the lower cost of the process proper, smelting of

tantalum by the use of electron beam heating is the most expedient

method. It is so much more modern that it has already partially replaced

the existing method for obtaining concentrated tantalum by sintering it

in a vacuum. Below is presented the change in the admixture content

(atoms per million) in cast tantalum, smelted in a cacuum electric arc

furnace after it has been remelted in an electron beam smelting instal-

lation. The results of metal analysis after purification are given in

parentheses.

aluminum 220 < 50) titanium 45 (< 10)
iron 89 (< 10) molybdenum 2 (201
carbon 40 (18) oxygen 83 <
nickel 80 (8) hydrogen 115 (< 1
silicon 230 (25) nitrogen 35 (10)

The reduction in the admixture and gas content sharply reduces the

metals's hardness. The hardness of the original tantalum smelted in an

arc vacuum installation is 150-350 kg/mm2 (HBO, after lst resmelting

in the electron beam furnace the hardness is reduced to 70 kg/mm , af-

ter a 2nd resmelting it is reduced to 45-55 kg/m= 2 . As the purity of

cast tantalum is increased, the specific pressure whidc is needed for
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deforming it can be substantially reduced. In electric arc furnaces it

is possible to obtain a shaping tantalum alloy with the tungsten con-

tent not exceeding 10%. An excess tungsten content highly embrittles

the metal. The use of an electron beam smelting Installation has made

it possible to increase the tungsten content to 15-20% retaining at

the same time the alloy's plasticity.

References: "Metall," Year of Publication 14, No. 5, 1960; Year

of publication 15, No. 1, 1961; "J. of the Less-Common Metals," Vol.

2, No. 2-4, 1960.

O.Z. Budzinskiy
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HIGH-SPEED STEEL - high-alloy steel used primarily in the manu-

facture of cutting tools which must function at speeds higher than

those employed for ordinary carbon-steel tools. Cutting-tool materials

should be harder than the material to be cut, but the hardness of a

tool does not determine its quality. In cutting metals the cutting ed-

ges of the tool heat up and the hard steel of which they are made is

tempered and softened. Heating carbon tool steel to 2000 greatly redu-

ces its hardness; high-speed steel is softened by tempering only when

heated to temperatures above 550@-6000, although it is equally hard at

room temperature (Fig. 1). It has been established that those cutting

speeds which heat carbon-steel tools to above 200-3000, high-speed-

steel tools to above 6000, or hard-alloy tools to above 10000 are im-

permissible, since they cause instantaneous softening of the tool. If

the cutting speed of carbon-steel tools is assumed to be 1, the corres-

ponding speed for high-speed steel is 3-5 and that for hard alloys is

10-15 or more. Thus, in many cases high-speed steel cannot satisfy the

requirements imposed on tool materials under contemporary production

conditions. However, hard alloys cannot replace high-speed steel in all

instances, since they are quite brittle. The ability of a steel to un-

dergo only slight softening or none at all on rather long exposure to

high temperatures (red-heat temperature, 600-650) is called red hard-

ness. In order for a steel to have high red hardness it should contain

alloying elements which form special carbides that are soluble in steel

on heating but have difficulty precipitating from solution. The rate at

which the carbon and alloying elements precipitate from the solution
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(martensite) is determined by the chemical stability of these carbides,

which in turn depends on the position of the carbide-forming alloying

element in the periodic table. The further from iron the alloying ele-

ment lies, the more stable are the carbides it forms. On the other hand,

elements which lie far from iron (titanium, zirconium, niobium, tanta-

lum) have carbides so stable that they do not dissolve in austenite and

consequently do not participate in imparting high hardness and red hard-

ness to the martensite. In order to obtain high red hardness it ts best

to alloy high-speed steel with tungsten, molybdenum, chromium, and van-

adium, which form carbides with the requisite stability. The content of

these scarce elements in high-speed steel explains its high cost. Con-

temporary scientists have developed methods which permit a reduction in

the content of alloying elements.

-P-bedit , 5 lg.e I

ClMiL V

2 C'

Fig. 1. Hardness of tool materials at different temper:atures. 1) Rock-
well hardness. HR;(2Pemeaurob3earodtel 4 ad lo

(Pbdttype);H5)high-speed )tepruesteel. C3)aro, te; )hdaly

TABLE 1

P18:2 0I .7-0.3 1,7 5-,9.0 3.S9 4. .- ,.4
P9 0.35-0.: 0.-O0 4. 0-4.6 1:.0-2.1

1) Steel; 2) R18; 3) R9.

At present, types R18 and R9 high-speed steel are predominant in

the USSR (Table 1).
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TABLE 2

CulAS' C W jCr Vjc.

3 P906.... 1.4-t5 1.O--tO '1 .- 4. 4 4.3-•.--.

$ P1404 . 2 . 3,--, : 1 S3--14. 4.'-4 . 3 .1 -1
* P1302 .I 0. 5-0.95 17?. S--t- 3.-4.-4 1.11-2.4 --7 PLIESI02. 0. 5--.06 5 .?.--13 8.5- 4.4 1.I-2.4 $.0-4 .I

lStel; 2) R9r5; 3) RJ.0K5F5; 4) R9KlO;
R14F4; R18F2; 7) R8K5F2.

Despite the considerably lower tungsten content of R9 steel, its

properties (particularly its cutting characteristics) are similar to

those of R18 steel. This is due to the fact that only that part of the

carbon and alloying elements which has gone into solution is responsi-

TABLE 3 ble for red hardness. Experiments have shown that
Red Hardness of the solubility of tungsten in austenite dcas not
Steels

C-ta. ip/1,,o#•a exceed 7-8% (at 1% C), this being the amount pre-

3 p..... . . .... 25 sent in R18 and R9 steels; these two steels conse-
4 P9 .- $2s
S P90 ... 646

I p",I . 6141 quently have the same dissolved-tungsten content.
SP1404 .• 109 PtS02 @45

10 Pt$1<s4,i GbO The old view that the quality of high-speed steel

1) Steel; 2) red is determined by its total tungsten content was
hardness (C)9 3) not confirmed. Experience has shown that, in the
R18; 4) R9; 35R9FS; 6) RlOK5F5;
7) R9K6O; 8) RKF1 overwhelming majority of cases, R9 steel is in noF7) 9) RI 8) ; lO)
F4 9) R18F2; 10) way inferior to R28 steel.
Rl F5F2.

Standard high-performance high-speed steels,

which have a higher vanadium content than R9 and R18 steels or contain

cobalt, have been developed and approved. Table 2 shows the composition

of these alloys.

Vanadium, which forms the very hard carbide VC, gives these seals

high durability, while cobalt gives them high red hardness. The latter

is usually measured by determining the temperature at which the initial

high hardness (RC > 62) drops to RC = 58.
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The structure of high-speed steels is governed by that of the car-

bide component ard the metallic base. The carbides in tungsten high-

speed steels are compounds of the Fe3 W3 C type. Vanadium carbide, VC, is

present in steels containing more than 1.5-2% vanadium. In cast high-

speed steels the primary carbides (those precipitated from the melt)

form a eutectic, ledeburite (Fig. 2). In this case the stricture of the

metallic base is determined by the cooling conditions and may be marten-

sitic-austenitic (rapid cooling) or perlitic-sorbitic (slow cooling).

Forging breaks the carbide eutectic into small individual carbide grains

(Fig. 3), thus improving the quality of the steel. It is therefore re-

commended that forging be carried out to improve the structure of the

metal even when no change in shape is required.

Fig. 2. Cast high- Fig. 3. Annealed high-
speed steel. Eutectic speed steel (magnified
(ledeberite) and aus- 1000 times).
tenite (white spots).
Magnified 500 times.

2 0•a• , ,

Fig. 4. Graph of heat treatment
of high-spued steel. 1) Tempera-
ture; 2) time; 3 quenching; 4)
Ist annealing; 51 2nd annealing;
6T3rd annealing.

S2006
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TABLE 4

1) Steel; 2) E1347.

The procedure for heat treating high-speed steel differs radically

from that for other steels (Fig. 4).The works of a number of contempor-

ary researchers give exhaustive descriptions of the complex structural

transformations which occur in high-speed steels during heat treatment.

New meLhods for heat treating these steels (isothermal annealing, grad-

ual quenching, multiple annealing, cyanation, cold working) were devel-

oped and put into practice in the USSR before their introduction abroad.

High-speed steels are heated to high temperatures before quenching

(1280-1300* for R18, 1220-1240° for P9) in order to permit more com-

plete dissolution of the carbides, which improves the cutting charac-

teristics and red hardness of the steel. After quenching, the structure

of high-speed steel consists of 30-40% residual austenite, the in-

creased content of this phase being responsible for the relatively low

quality of the steel; the Job of the subsequent treatment is conse-

quently to convert the residual austenite to martensite, which is done

by annealing at 560-580°. A single annealing does not completely con-

vert the residual austenite axid it is consequently recommended that this

procedure be repeated two or 3 times (so-called multiple annealing).

Cold working can also be carried out after quenching to convert the

austenite to martensite. A single annealing suffices in this case. The

surface of a high-speed steel tool is often saturated to a shallow depth

(20-50 4) with nitrogen and carbon by cyanation in order to improve its

cutting properties.

High-speed steel was formerly used solely as a tool material, but
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the development of certain branches of engineering has resulted in a

. demand for high-speed and similar steels with high hardness at elevated

* temperatures.

Thus, R9, RIB, and other high-speed steels are used for components

subject to friction and heating to up to 500-6500. If their hardness

and red hardness can be somewhat lower than the figures indicated above,

high-speed-steel components are quenched from lower-than-usual temper-

atures (e.g., from 1150-1200* instead of 1200-1240), which produces a

slight increase in viscosity. All other high-speed-steel components are

treated under tool regimes. High-speed steels have found a special ap-

plication in so-called thermostable bearings and ball bearings, which

are subject to operational heating to 500-600@. In addition to hardness

and annealability, purity (reduction of nonmetallic inclusions and car-

bide liquation to a minimum) and absence of metallurgical defects are

very important. High-speed steels with as low a carbon, tungsten, and

vanadium content as possible (in order to maintain red hardness) are

used for these purposes, (Table 4).

E1347 steel substantially surpasses ordinary high-speed steels

with respect to carbide liquation. It was formerly used in conjunction

with RI1 and R9 steels, but, since it has a lower red hardness, it has

found a special application in the manufacture of ball bearings. The

foreign literature contains reports that high-speed steels with a low

(approximately 0.3%) carbon content, which are subject to cementation,

can be used in such cases. High red hardness can be obtained by adding

up to 30% cobalt to steels of this type (with both normal and reduced

carbon contents). Partial replacement of the tungsten by molybdenum is

also effective.

References: Gulyayev, A.P., Nizkolegirovannyye vol'framom i molib-
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denom bystrorezhushchiye stall [Low-Alloy High-Speed Tungsten and Mo-

lybdenux Steels], Moscow-Leningrad, 1941; Ibid, Svoystva I termicheskaya

obrabotka bystrorezhushchey stall [Properties and Heat Treatment of

High-Speed Steels], Moscow-Leningrad, 1939; Lebedev, T.A., Revis, I.A.,

Struktura i svoystva litogo inntrumenta iz bystrorezhushchey stall

[Structure and Properties of a Cpst High-Speed-Steel Tool], Moscow-Len-

ingrad, 1949; Geller, Yu.A. and Babayev, V.S., Instrumental'naya stal'

(Tool Steel], Moscow, 1945; Minkevich, N.A., Malolegirovannyye bystro-

rezhushchiye stall [Low-Alloy High-Speed Steels], Moscow, 1944.'

A.P. Gulyayev
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HIGH-STRENGTH ALUMINUM SHAPING ALLOYS - alloys that have an ulti-

mate strength over 45-50 kg/mm2 in the direction of the fibers. They

include the alloys V93, V95 and V96 of the Al-Zn-Mg-Cu system; alloy

VAD23 of the Al-Cu-Mn-Li-Cd system and, to some extent depending on the

heat treatment and the form of the semifinished products, alloys D16,

D19 and M40 of the Al-Cu-Mg system; also, alloy AK8 of the Al-Cu-Mg-Si

system.

In rolled products made from alloys D16, D19 and M40, the strength

* is increased to the level of the high-strength class by cold-hardening,

artificial aging and removal of cladding. Adequately high strength val-

ues can be obtained in alloy AK8 only for extruded semifinished pro-

ducts of a certain cross section, and in alloy D16 for extruded semi-

finished products in a broad range of sections as a result of some mod-

ification of the chemical composition (within the standards) and use of

certain extrusion conditions.

The following points must be remembered in use of all high-

strength aluminum shaping alloys: 1) the increased sensitivity to notch-

ing, particularly for repeated and vibrational lcading; 2) the lower-

than-usual corrosion stability; 3) certain production peculiarities.

Thus# for example, in using alloy VAD23 and artificially aged alloy

D16, all deformations of the semifinished products (bending, beveling,

fullering, and the like) and riveting up of assemblies must be com-

pleted before the artificial aging operation. The finished riveted un-

its are subjected to artificial aging; 4) the possibility of fabricat-

Ing semifinished products of the necessary shapes and dimensions and
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the degree to which the properties deteriorate when the sections and

dimensions of the semifinished product are enlarged.

Alloys V93, V95, V96 and VAD23 possess the highest strcngth at

room temperature. Alloys V96, V95 and V93 soften as a result of pro-

longed residence at temperatures of the order of 100* or higher. Alloy

VAD23 retains relatively high strength characteristics after prclonged

heatings to 160-180. Alloys Di6, D19 and M40 have lower strength val-

ues at room temperature than alloys V95, V96 and V93, but they are less

sensitive to notches under repeated loading. They also show higher hot

strength than alloys of the V95-V93 type. As for general corrosion re-

sistance, all high-strength aluminum shaping alloys with high copper

concentrations (alloys VAD23, D16 and the like) are substantially in-

ferior to alloys with lower copper contents (V95 and similar alloys).

High-strength aluminum shaping alloys are selected for specific

structures on the basis of the characteristics noted above. For stress-

bearing structures operating below 100, for example, when it is neces-

sary to raise the general corrosion resistance, alloys V96, V95 and V93

should be used. Here the shapes of the structure and the process by

which it is built must minimize stress concentrations situated in the

plane perpendicular to the action of the forces. For load-bearing

structures operating above 100°, as well as those operating at room

temperature but subject 'o very long-term application of vibration

loads, and in those cases where there are no special requirements as to

general corrosion resistance, Alloys D16, D19 and M40 should be em-

ployed. On the other hand, for structures working in compression under

these conditions, it would be ýmore efficient to use a V95-type high-

strength aluminum shaping alloy. With little stress concentration and

thin sections, the expediency iof choosing alloy V95 or D16 should be

decided by preliminary tests. Alloy VAD23 may be used for the most

i2010A
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heavily loaded riveted or bonded structures intended for long-term op-

eration at 160-180o.

TABLE 1

Mechanical Properties According to TU or GOST
Caa , 2 u-.rpw', I-f14 .- pCaU. " ,

1. 2 , 3c•o..yon~we ","Pep~ of-pIeanos, . 1.< I 4o0 (V

_ ,_ _ .1i_ _ Ih fl9*)N 1 4. OU 10 j l elNO C P•e•PNIhO

30.200 x 2oUo'I

.OD2T we . lpoiloa 45--5 54--0110. $Mae~~N 551 I $111

O g ,1 CTI, naa up ",- l lrapmn Amm i.e soe-7% flonepe moe 4.5-31 Z9.5 --41 14-1

015-It ,Mlia " - , iia :0%; CCwrcT, e"No 1,
Slal(ZOa"" NuIt N MChycCTINHNNO COCTA .1

O 14 rlp.In.,. non.,m. 1.3aI'armwie N ecTecr- l"p<.,1oa GI.o t5--01 32--3; Iv-
nlP,•Ot40IN b eIl°O 9ChPII I . I.,-n
n1414ON Cc PM1 - I 9

("on"e 20) *mJ

M40 aINCTW nC? al l•- .1 wwal nile. marapToc 1o10epew oo t .4--2 1-4 -MlaN~lb ealtS,•e Na .1% U S'
17 18 ., c.e..o 1CC 1.

AS pow 30 22 ^% a ato cociapnefmim Jfp"g.~AID ,60 AIM, 1911
V8 n lectu 20 I •v, " a mx7ccf- lolepenOe 4I-s-I ,1--41 1--

22211I WeHIo cocTa pewww e,. j I
a T. 1. 1 1rai -rOPll- l4,,erIpo0llJll, np~vti~nm.,e ~mec,,L pox,,1 4•nr. 5 s--is 31--so 7:5

25m J O- -5aj•4.2 4o--S -4 -I (14)os n l n 4a,,,,,. . .. ,, a ,,<:. ,-,: -l + n o r u m, .P7 ,. - . J- 4 $ I
".o01 .5 ,1•o+,:. . ,+ 1 1: •-: 2-,, (M)

1 Alloy

2 Form of semifinished product
3 State of material
4 Specimn cutting direction
5 (kg/mm5)

Forgings and stampings weighing up to 30, 200 and 2000 kg
7 Tempered and artificially aged
8 Longitudinal
9 Sheets
10 Shapes
11 Same
12 Transverse
13 Cladded and uncladded sheets
14) Cold-hardened by 6-7% and by 20%; naturally and

artificially aged
15) High-strength profiles and profiles with wall

thickness over 20 mm
16) Tempered and naturally aged
17) Cladded sheets
18 Tempered, cold-hardened by 25% and 50% and arti-

ficially aged
19) Rods up to 22 mm and up to 160 mm in diameter
20) Sheets
21 Tempered and artificially aged, including cold- hardening
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3a !ACSo22) Extruded shapes, rods and panels

23) Across width
24 Across thickness
25) Forgings, stampings

iv K 6 •,I ifAs-I

Fig. 1. Normal distribution curves of ultimate strength and yield point
values in the transverse direction for flat extruded panels up to 520
mm wide with a sheet thickness of 4 mm, made from V95T alloy (total
number of panels 246). A) Frequency in %; B) kg/mm2 .

is I I S I II It

a..J$ ...*.

so-~

Fig. 2. Normal distribution curves of elongation for flat extruded pan-
els up to 520 mm wide with a sheet thickness of 4-mnn, made from V95T
alloy (total number of panels 246). A) Frequency in %; B) in longitud-
inal direction; C) in transverse direction.

The present paper is concerned chiefly with the properties of al-

loys V95 and V96. For more detailed data on alloys, V93 and AK8, see

Forging aluminum alloys; for alloys D16, D19 and M40, see Medium-

strength aluminum shaping alloys; for alloy VAD23, see Heat-resistant

aluminum shaping alloys. Alloys V95 and V96 are characterized by high

ultimate strength and yield point values, and by good plasticity in the

hot state. As regards general corrosion resistance, alloy V95 is super-

2012
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40s

Fig. 3. Tension diagram to yield point for alloy V95T at room and elev-
ated temperatures; solid extruded shapes. A) a, kg/mm2. flU= pts.

IkLV. ' .'•
A

Fig. 4. Compression diagram to yield point at room and elevated temer-

atures for V95AT alloy (sheet 2 mm thick, c. 52 kg/rmn ,610, 14%)A) kg/mmm
2. nu = pts.

•T1•

so,-

IL.

Fig. 5. Curves of longitudinal stability for P-section profiles, 35 t
35 x V-9A section, made from alloy V95T, D16T and D5T; supported at
faces. A) =kr, kg/mm"; B) V95T; C)DI6T; D) DIT.
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sot--

Fig. 6. Influence of test temperature on static endurance of V95T alloy
specimens under uniaxial tension (sheet thickness up to 3 mm). A) kg/
/imm; B) number of cycles to failure, N.

I4

6 0 40 W0a

Pi 7. Bending strength of round tubing made from aluminum alloys AV,
V95T and Dl6T. Upper broken curve represents alloy AV, the solid

curve alloys AK8 and V95T, and the lower dashed curve alloy DI6T; D is
the tubing diameter (mm) and t is the wall thickness (mm). A) aizg/ab.

TABLE 2 ior to alloys D16 and AK8. Alloys V95 and

A , ." I partizularly alloy V96 are distinguished by
a't-leO " I wenO' (AM) "B7TT..T F low plasticity in the artificially aged~T 4 0 tO 1

state; only limited production operations

A) Sheet ~thickness can be performed on them in this state. If
the necessary precautions are adhered to,

alloy V95 performs successfully in structur-

al zones under tension and compression. Alloy V96 is recommended pre-

ferentially for compressed zones in tha structure or for smooth parts

with a minimum of stress concentrators. The properties of semifinished

products made from alloys V95 and V96 are given by Tables 2-12 and

* Figs. 1-8. In the annealed state, V95 and V96 semifinished products

have low strength and high plasticity and can be deformed in production

as necessary. They also shape well (bending, fullering and beveling of
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profiles, straightening, etc.) in the freshly tempered state. .
With the purpose of protecting them from corrosion, s-heets of V9 5

allcy are clad with an aluminum alloy containing 0.9-1.3% of zinc, no

more than 0.16% Fe, 0.16% Si, 0.26% (Fe + Si) arid 0.01% Cu. The clad-

ding layer represents 4% for sheets up to 2.5 mm thick and 2% for

sheets 2.6-10.0 mm thick. If the relative thickness of the cladding

layer is reduced, the guaranteed ultimate-strength and yield-point val-

ues rise accordingly (from 49 to 50 kg/mm2 and from 41 to 42 kg/mm2 )

Especlally strong sheets (ab = 53.0 kg/mm2, aO.2 = 46 kg/mm2

6 = 6%) are obtained either by holding the chemical composition of the

alloy near the upper limit or by rolling the sheets in the tempered and

artificially-aged state (degree of deformation up to 3%). Cold-hardened

sheets are made for use in compressed zones of the structures. In cases

in which the sheets are tempered and artificially aged at the user

plants (without traction straightening after tempering) or when pre-

viously annealed sheets are tempered, the guaranteed mechanical proper-

ties are those given in Table 2.

Extruded plates are produced by cross-rolling extruded strips;

this ensures high strength properties, but the process is unproductive

and may be used only in rare cases. The basic method for producing

plates is to roll flat ingots. The proper.ies of extruded shapes depend

heavily on wall thickness (see Press effect of aluminun alloys). The

differences in ab and 0O.2 between thin and massive shapes reach 6-7
2kg/mm according to the TU. The actual strength characteristics of pro-

files (particularly thin ones) are considerably in excess of the TU re-

quirements. For extruded products, and panels in particular, traction

straightening after tempering is important. Traction straightening re-

distributes the tempering stresses and reduces warpage substantially

during machining. The panels should be stretched by at least 1.5%.
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Fig. 8. Data on endurance of V95T-alloy semifinished products, obtained
in bending tests on a rotating specimen: dark circles represent speci-
mens without notch (d = 7.6 mm); open circles are specimpns with a
V-shaped notch (dN = 8.4 mm, zN = 0.025 mm). 1).a, kg/mmi; 2) nu.,aber of

cycles to failure, M; 3) rolled bar; 4) rolled plate; 5).forging; 6)
extruded semifinished product.

It is advisable to make forgings and stampings from alloy V93 .

rather than V95. In sheet form, alloy V96 has no particular advantages

over V95. Extruded and forged V96 products show substant-ially increased

,strength characteristics.

The corrosion resistance of V95 and V96 alloy semifinished prod-

ucts in the artificially aged state is..satisfactory. To guarantee sat-

isfactory corrosion resistance in clad semifinished products, they

should be aged at least 16 hours at a temperature no lower than 135-

1450 (or stepwise). The corrosion resistance in the naturally aged

state is unsatisfactory; semifinished products may be stored in this

state only for a limited time, and they may not be sent to the fabri-

cator. The corrosion resistance of massive semifinished products may

drop considerably. In manufacturing the first few consignments, it is

necessary to check their corrosion resistance. It can be improved con-

siderably by the use of forged or rough-extruded blanks for solid work-

pieces. Anodizing and painting provide dependable.-corrosion protection.

Technological data. Round and -flat ingots are cast with water and

2•6•" 6.
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rollz, extr,.,-J, t forg:, ar.d .ta.• z zatIIfa t"nr Ily. It iz used to fabr -

cate sheetz, platec, forglntgz, stan[Ipiniz, shapes and extruded panels.

V96 alloy is uscd for extruded and forged products. Alloy V95 is tem-

pered at 465-480°, ano V96 at 460-4650; the products should be cooled

quickly during the temperin•: process; the time lapse between removal of

the workpieces or semifinished products from the bath and immersion in

the tempering water should not exceed 15 sec. If transfer of the pieces

is delayed, their mechanical properties drop sharply. To improve the

hardenability of massive pieces, it is necessary to have a tempering

vat of sufficient capacity with vigorous circulation of the water. So-

lid pieces must be tempered after rough machining and their mechanical

properties must be checked across the section of the piece.

TABLE 3
Typical Mechanical Properties of .'lloy V95 at 200

e nfl .16 I I, IIt
• t, AHHS I.1 C ~I" l I I5.'

*The endurance limit a1 was determined in alter-

nating bending, N = 5.108.

a) Form of semifinished product; b) kg/mm2 ); c)
rsr; d) a.. (k;-m/cm2 ); e) profile less than 20 irr

thick; f) -__jed sheets up to 2.5 mm.

Application and quality control. Alloy V95 is used for stress-

bearing structures that will work for prolonged periods at temperatures

no higher than 100-1200. Uses include the skin, stringers, bulkheads

and spars of airframes, stressed frameworks of certain riveted struc-
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inlished Products of V.,o Acy at 2©0*

b , , ". ....... ... 44 " , . , I

jp(,I. 5- .' I.I .1 .5.. . . .41 1
74,p• T0P'N Ix 11 So .. .. .. . ..... 7

. . . .'1Nf .1~ .l~i .i .535 4A 4~ 7 5!#%, I 11 :2 , 519

f k5aic:,S,,.,. . . ... 7.. 54's 61•I .! # 7 , S;.. 1 .~ I .UC~ 1 300 . 1 4211 "

J . .. ...1 '. . 49 4,8 47 l 53 :i'S3 72 A 67 1 . A ,:5 2:1 114A
50+4 p Am4.4 S4 S1 ,5 ~4, i *61 It 15 N. S 3 21 .5,125t

kfI;rIIIN. 554 44 8!1fi 41- 47 73 :45 55 ! it 1 5.3 f6A$ 8 .5

. . . .. -. _ __ - --- Si -. --- HA 65 ____ - _5__2

*The property figures are indicated by the shil-
ling fraction for the length, width and height of
the specimen.
**a is for a specimen with a round notch havingS~a ra~us of 0.75 mm.

Sa) Form of semifinished product; b) solid profile; c) thin flange; d),

periphery of thick flange; e) center of thick flange;ý f) ext ruded pan-

els; g) forgings, 1000 x 300 x 120-mm section; h) periphery; i) center;J) stampings. k) tapered forgings, 1700 x 900 x 250 (300)-mm section.

TA -E 5, tures, etc. In quality control of structures
Mechanical Poeteoechanicll Properties that have been built with V95 alloy, careof V95-Alloy Profiles

at Low Temperatures should be taken to eliminate sharp stress
Tem.-pa 4x. 4,•' 1' *

,',,,,,,.., )I concentration perpendicular to the action of

ab io asig rpete adhadnaiitn

20 6 5 o o the forces. Massive structures are conven--- 0 6 1 a 3•
-- 70 66 1 14,-194 so 7 iently made from alloy V93, which has super-

A) Test temperaturt- ior casting properties and hardenability and

(CO);B) • (F•mmH)higher property uniformity. Alloy V96 is

used in particular for stressed structures

that will operate for long periods at temperatures no higher than 1000.

Alloy VAD23 may be used for heavily loaded structures, including those

intended for long-term work at temperatures up to 160-1800. Alloy D16

is used for structures under medium loads for long-term operation at

temperatures below 150". It is used to fabricate skin panels, stringers,

bulkheads and spars for aircraft, structural frameworks, truck cabs,
2 20 18
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t tirc.
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" .c rd I.A t d- KM

4W hI A )! L~1S -di~c~
-, 1dA- 'I , 4

S!';h' C) 0 D)i 7.a)s St;3.1 : 1 ' 1 4 1 A Test temperature ();
70)' 1 '1 . '° S " B)" E. /) D).g

natin

o*Sheet up to 2.5 10m thick.
a) Test temperature ( 'C) b)
ks/ram2; c) minimum; d ) typi-•
cal.

Lr,flu!-nce of Heat'n tim

to 1500 on Mechanical Pro-
.•rties of V95T Alloy Pro-

files*

V A,'

5 _, S ".5 $ :A _
M:11 . •'4(CT II.l 1 I -- l ;.,q

.~ MM') ( .%) '., w-) I%

lIOl"TIpe I HO-n

..... •I • .....

F." 4. 0 4.

*Properties of V95T alloy •n the initial state: profiled part
along fiber (a = 62 kg/mm , 6- 7.3%); butt, .:th -W b = "

- •,.& kg/mm , 65 = 8.5%); butt, across fiber = 53.0 kg/
/mm , 6 = 3.5%). After heating at 100 and 125 Por 100 and
200 hougs, the properties of the profiles show little change;
ab has a tendency to rise slightly (by 1-3 kg/mm2 ).

A) Direction and location of s pecimen 2 cutout; B) mechanical properties
after heating for; C) hours; D) kg/mm ; E) profiled part, with fiber;
F) butt, with fiber; 0) butt, across fiber.

2019



. -.. -

ct' V. A.icy Prcfiles at Elevated Te'rIratures

7CV1T,3Boo . 2()() -.1 Ake

. , F Ix .~' (%9 ('NJ!.mM) I(A .) jf*N* %

I ,loan1l s ..a . . . .... . . .,0 59,0 9,1 5 9.0 10.5

0o , . . .. . . . . . 1. 1 1 2. 0 • 8 .0 1 2 " 4 5 89 P 1 ."

""4ofol.. . .... 55, 0 9.0 5.43 ,0 .5 5.o 1,.0
H 3aio•olnlo a jiaon,. •om n 54.0 4:.0 53,0 4.04 52.0 13.0

MR . . . . .o. ....... 51,0 9,0 48.1 5.5 47.5 7.0

i50 G n bpwntm.Han RamT. . 0oa0,0

- -i 0o a0 .1.0 4 00 t1.0 35 13 0
3 a xo tm Io n a n% tomn . o wo nI'm a 10. 0 13 ,0 5 4 40 1 5 .0 3 8 . 5 1 6 ,5

i 3aK o• m ao.;Ha n o nee - 4.. . . . . . 7.0 , 0 4,0 : 0 .

A) Test temperature (0C); B) direction of specimen cutout; C) mechani-
cal properties after heating for; P) ý10 minutes; E) 100 hours; F) kg/
/mm2 ; G) profiled-part, with fiber;-Hg butt, with fiber; I) butt,
across fiber.

TABLE 10

* Typical Mechanical Properties of Alloy V96 at 200

I~~in~1~arsA B, ip aeHe I *.'q I 'bL
Hu ~raiuMATa lw iipem811 rr-pa3fla % ,.~

f•l•p Oa.Hue - "po- IpO(NDlhHAR 4aCTh
tua i C SAKOHL OI --. iHX.1b l0,2"HHQ . . 7oo0 12.0 64.0 68.0 7 190

[ 8010" • G . . .. 6800 10.0 63.0 66,0 7.0 190
"-__ - i I :2- ý -I : I ° .... -

IlpfteopmHa Iae- Baniji. iojnn~pia I. I - I - 163.0 1 66.0 8. -
on =O1UAHOI 8- flo mHpPfle . 5. 8.0 63.0 6.0 -
t6a. H

A) Form of semlfinished product; B) direction of specimen cutout; C)
apts; D) kg/mm4; E) extruded profiles with butt flare; F) profiled part,

with fiber; G) butt, with fiber; H) extruded panels 8-16 mm thick; I)
with fiber; J) crosswise.

etc. Alloys M40, D19 and VAD1 are used for structures that will come

under moderate loads, including welded-up designs to operate at temper-

atures up to 2500.

Alloy AK8 is used for stressed constructions operating long-term
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A) Form of semifinished oroduct; B) kg/

/mm2 ; C) extruded profiles.

TABLE 12

Physical Properties of High-Strength
Aluminum Shaping Alloys

c4 ( <.") C , .,,.

119 2.K5 ()042(19T 0-7 ('0 2 0r -¶w. 201

F -1T 0.3h 40J' N.G2(2-,ojoe) G

1196 5 2 jL0b79 I10 AT) '.27 (25.) 22.84 (20-100*)

Hi 0.39(JO 24.69 (100-2o00)

A) Alloy; B• g/cm3 ; C) ohrs.mm 2/m- D)
cal/cm.sec. C; E) V95; F) V95T; GI from-500 to +200; H) V96; I)'V96T.

at temperatures below 1000; In, fabrication of large forgings and stamp-

ings, the pieces lose considerable strength and a tendency to overheat

makes its appearance. Engine subframes, railroad-car tires, and heli-

copter rotor blades are made fro, AK8 alloy. Attempts have been made to

use this alloy (and certain other aluminum alloys) for coal-mine sup-

porting pillars, but it was found That sparking occurred when these me-

tals were struck against steel - ar inadmissible hazard for mines,

where the atmosphere may contain inflammable mixtures.

All large, solid and complex-shaped semifinished products made

from the high-otre.igLh alloys must be given UZ [ultrasonic] inspection

in order to detect internal flaws (cracks and separation); the surface

layers must be eddy-current tested and given careful visual inspection

with a magnifier, particularly after the finished pieces have been
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anodized.

References: Mikheyeva. V.I., Khiinicheskaya priroda vysokoprochnykh

splav, alyumnniya s magniyem i tsinkom [Chemical Nature of High-

Strength Alloys of Aluminum with Magnesium and Zinc], Moscow-Leningrad,

1947; Legkiye splavy. Metallovedeniye, termicheskaya obrabotka, lit'ye

i obrabotka davleniyem. [Light Alloys. Physical Metallurgy, Heat Treat-

ment, Casting and Mechanical Working], collection of articles, Moscow,

1958; Fridlyander, I.N., Vysokoprochnyye deformiruyemyye alyuminiyevyye

splavy (High-strength Aluminum Shaping Alloys], Moscow, 1960; Deformiru-

yemyye alyuminiyevyye splavy (Aluminum Shaping Alloys], collection of

articles edited by I.N. Fridlyander [et al.], Moscow, 1961; Stroitel'-

nyye konstruktsii iz alyuminiyevykh splavov [Aluminum Alloy Structures],

[collection of articles], edited by S.V. Taranovskiy, Moscow, 1962;

MekhanichesKiye svoystva nekotorykh konstruktsionnykh staley i splavov

pri komnatnoy i povyshennykh temperaturakh [Mechanical Properties of

Certain Structural Steels and Alloys at Room and Elevated Temperatures],

Moscow, 1957.

I.N. Fridlyander, T.K. Ponar'ina

Manu-
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2011 TY = TU = tekhnicheskiye usloviya = technical specifications

2011 FOCT = GOST = Gosudarstvennyy obshchesoyuznyy standard =

State All-Union Standard

2013 n= pts = proportsional'nost' = proportionality

2013 KP ikr = kriticheskiy = critical

2017 H = n = nadrez = notch

2017 Cp sr = srez = shear
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HIGII-STRE21GTH CAST !IAGNESIUR4 ALLOYS are mragnesiam alloys with ul-

2timate of n( less than 21 kg/mr, , inten'!ed for mold casting of details.

These alloys include the types ML4, ML5, !iL6 (GOST 2856-55, AMTU 488-63)

ML4 pch, ML5 pch (AMTU 428-63, see High Corro-ion Resistant Cast Mag-

nesium Alloys) of the Mg - Al - Zn system and the type ML12 and Ml15

(AMTU 488-63) alloys based on the M%,- Zn - Zr system. Fcr the chemical

composition of these allcys see Magnestum Alloyc. The mechanical pro-

perties of the alloys are given in Tables 1-5, the physical properties

in Table 6, information on the precessing properties in Tables 7-8.

TABLE 1

Mechanical Properties of High-Strength Cast Magnesium Alloys at Room
Temperature4

_ _E 1 0 1 , *"ao -I I.... I .

Ml i.25 I 0 O .i4 0i 0 1401 - 9Sf1 -1 It i r l- 0. I 2 ~ I - 9-0 I'T i 4200 I600 1.-5 l--20 1. . 0. 0 50-4 la '
To U200 I601.4.0 12 23--5.0 0-9 1--I 34. 1 4 lA.5 0. 10-I

Ta ,i5O itnnwm 40 0 5• :--15,t 2--1 4 2. -• 5II t i . - 455 It

T4 0200 00 3. S 5 " -- 5 . f 4 1$ ?.$

TO i4200 i - In)-I 10-- 4 -- 1 1 -4 4 1 t 1 0. 3 7 $.5
xasI toalI 100 16 _

To C7 00~l S.-,.II tOO!ý 00 ..4

Ti 0000 1650 0-- !l:-il 2S S-4 7 iti-'s 5i
2

-t r I 1-1, 0

u Ti5 I 0t300 1650 , , I- s I, - 1_.4 I f 3 13 -, I 17 10 1 2 al 0 . 7

*Lower limit of properties is minimal, upper limit is typical.

1) Alloy; 2) temperý 3)o pts; 4) T sr; 5) ks/cm 2 );6) (2g/, 2  7)
smoothe specimens; 8) notched specimens; 9) ML ; 10, as cast.
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TABLE 2

"Mechanical .. 'roperties of High-Strength Cast Magneolum Alloys at High
Temperatures

- I :I• 'I' '! -" _'"___-___l V., - ' . ' - ;*,.* :,• -•

, b A I , ,5I,, • I ., h ' *. I A* -*. A 'I~ , I,

- osoo w -1 -'J -

I3
S!*r~eIe fl 1.15 aloy2 150 .: ¶b=5. gmm;-0I=3• g

Ni Als y T4 tepe;3 ) to /m2;8

TT :1: Ms wd8 7

: ~ wa Cree 2iis 3praen e

TO 23 5

X I I T toT I II '.
HisA, AI, O.. 5 nit

*Prapeties of ML15 alloy at 3500: )b 5r5 to ty 0.2 t3. kg/
/nmm; 6 =16%.

1) Alloy; 2) temper; 3) (kg/:mm 2 ); 4) mr

TABLE 3 Most widely used in Soviet indus-

Creep limits (ermanent de- try is the ML5 alloy (%Al, 0.5% Zn,
formation 0.2W Stress to
Rupture of High-Strength 0.2% Mn), which has a favorable com-
Cast Magnesium Alloys after
100 Hours at Elevated Tem- bination of high mechanical and proceE-
peratures*

-00l5',,•.l0•5 '•'o'l10"250. sing properties. The ML4 alloy (6% Al,

- 13% Zn, 0.2% Mn), which exceeds the ML5

-.i ... ±. - ' I- - - alloy in corrosion resistance, finds

n4 XCIORRoef4 6 C.- ii1 limited applicatiDn because of the
T6 6I 2 1 11?A high tendency to formation of hot cra-
O ! . 2". I.', -I -T4 2-

2.5 O.O:S.5 N 2.51 T 14 I,.2 2. 10° 7 cks and microporosity in castings (see

Xni2 Tt, T6-4 t.L 5 1 4i2 Defects of Magnesium Castings). The

1IL6 alloy (9.6% Al, 0.9% Zn, 0. 15% Mn)

*Fi6ures for specimens has the highest yield point of the
individually cast in
sand mold. high-strength magnesium alloys of the

1) Allo4: 2) temper; 3) (kg/ Mg - Al - Zn system, the drawback ofA mm2;• ML ; 5) as cast.

this alloy is the low plasticity at 20@.

The ML12 alloy (45% Zn, 0.6% Zr) and the ML15 alloy (4.5% Zn, 0.9% La,
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0.7% Zr) exceed the ML5 alloy in yield strength and are equal to the

ML6 alloy. A typical value of the ratio 00.2 for the ML5 alloy is 0.45,
ob

for the ML12 alloy it is 0.55, and for the ML15 alloy 0.65. In compari-

rison with the ML5 and ML6 alloys, the MUL2 alloy combines a high yield

point with high plasticity, which permits using it under conditions of

high static and alternating loads. With regard to plasticity at 200,

the ML"\5 alloy occupies an intermediate position between the ML12 and

ML6 alloys (minimal values of 6 equal to 5, 3, and 1% respectively).

TABLE 4

Mechanical Properties of High-Strength Cast Magnesium Alloys at Low
Tempe rat ure s

I Pel4u ¶~p- 3 iT(.,i'4 6
2 64'iI Him (1C) A )xe ') 1%)

1 T -0 2 6 0,3-70 25 . 6 1 0.2
"I 19 17 i524 0.2

T4 ::~ 19 L -- 0.4

UflO T4 :70 27 5
T6__ __ _ ___ 271 1 1 I____

GCI1 Ik epumR. -70) :6 2: 2. 0.4

7 TI -70 0 25 2 0.4
T6 -70 - 20 260.4

TI 7 ___ 00 "*4. 2f 0.__ _ __ __
1 196 1 5000 If, 22 0115

1) ýlloy; 2) temper; 3) test temperature (*C); 4) (kgM/cm2); 5) (kg/
/mm ); 6) ML ; 7) without heat treatment.

TABLE 5

Moduli of Elasticity of ML12 and ML15 Alloys at High Temperatures

N4

0 P* Am*) o

MJ211 TI 150 3400 - 3500
200 3008 o 360t

7 250 2300 2 2300
T6 ISO - 3500

200 - 3 100--
250 - - 2600

MJil 1 T1 110 336000 43200 3900
20 00 0 400 390(1

7 250 3ý000 4100 33u0
300 - 3950 -
35,0 3800 -400 3700 -

1) Alloy- 2) temper; 3) test temperature (°C); 4) Ed; 5) Eszh; 6) (kg/
Am'); 7 vM .
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TABLE 6
hysical Properties of High-Strength Cast Magnesium Alloys

| lýl•NMJ-T4 ! M•5.T4 M.16-T4 M.112-T, X.71I$.TI

100. 1. 1.5Q 21 M 51 0

20--100" ......... .R.1 2.26 2t.9

.~3' . C5. 27.? Z 27.9
20-400" .. .-. .. . . . 25.8
,"r.*A eexwC) np. 2b, . 0.. .. I5a 0.1A 0.32 0,33

e (C IC) a aun pmone 20-100 . . 5 0.25 0.2 51 - 0.22
0 | a-M All . . . . . . . . . . .. 0 . 1 1 0 .. 1 7 0 . 1 , - -

2) Properties; 2; 4) specific weight; 5) in range; 6)
x(ýal/cm-sec-*C) at 250; . c (cal/g-°C) in range 20-100"; 8) p (ohm--mm/)

The ultimate strength at room temperature of the ML5-T4 and MLl2-

-TI alloys on individually cast specimens is practically the same (23-

-26 and 22-26 kg/mm2 ) while that of the ML15-Tl alloy is 21-23 k&/I=2

The small variation of the mechanical properties of the ML12 and ML15

alloys as a function of the section thickness permits obtaining castings

made from them with small scatter of the mechanical properties. Details

made from #.he ML12 and ML15 alloys have higher strength than those made

from ML5. Long-term heating of the ML5-T4 alloy for 200 hours at 100

and 125* causes practically no change of and 6 at 200; heating at 1500

2
somewhat increases ab (by 1-2 kg/mm ) and reduces 6 (from 10 to 5%).

With regard to ultimate strength at elevated temperatures, all the

high-strength cast magnesium alloys are practically equivalent. Heating

specimens of the ML5 alloy at temperatures from 1000 to 1750 for 200

hours has no effect on the values of the ultimate strength and elonga-

tion at these temperatures. The yield point of the ML12 and ML15 alloys

at temperatures from 1500 to 2500 is 30-40% higher than that of the ML5
00 2

alloy, the ratio - is about 0.32 for the ML5 alloy, for the ML12ab

and ML15 alloys it is 0.6 on the average. The yield points of the alloys

in tension and compression are practically the same (see Table 1). The

*: 2028
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MLl5 alloy, alloyed with lanthanum, exceeds the ML12 alloy in ultirmatc

ztrength ewid stress-rupture strength and has the best strength at high

temperature of the high-strength cast magnesium alloys (see Table 3).

The ML15 end ML12 alloys have high creep resistance in comparison with

the alloys of the Mg - Al - Zn system (see Table 3) and are recommended

for long-term use to 200%, the ML4, ML5, ML6 alloys are recommended to

1500.

The endurance limit of the alloys at 20* is in the range of 7.5-10

kg/mm2 (see Table 1). The alloys ML12 (as cast and in the Tl temper)

and MI24-T4 have the lowest notch sensitivity in endurance tests - the

effective concentration coefficient k is equal to 1, 1.07 and 1.1 re-

spectively; for the ML15-Tl alloy Ak is equal to about 1.3. With incre-

ases of the test temperature to 2000 and 2500 pk for this alloy is not

reduced (0l = 5 and 4 kg/mm2, n = 3.5 and 3 k/rmm2 at 2000 and 2500

respectively).

For short-term operation the high-strength cast magnesium alloys

are used to temperatures of the order of 2500. For loadings of duration

up to 5 minutes the ML15 alloy may be used to 300-350*.

The high-strength cast magnesium alloys have satisfactory corros-

ion resistance. The ML24 pch, ML5 pch (high purtiy), ML12 and ML15 alloys

have high corrosion resistance. Details made from the high-strength

cast magnesium alloys are used with surface coatings (inorganic films

and paint coatings). Locations of contanct of magnesium details with

other alloys are subjected to protective treatment (see Corrosion of

Magnesium Alloys).

The ML4 and ML12 alloys are used without heat treatment and in the

heat treated condition. Of the high-strength cast magnesium alloys, ML12

has the highest mechanical properties in the cast condition (ab = 20 -

-23 kg/mm2, 2 =9- 12 kg/mm2; 6 = 6- 12%). The heat treatment re- '.
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gimes which are most often used are: for the MI4, ML5 alloys, solution

treatment after casting (T4); for the ML6 alloy, solution treatment and

aging (T6); for the ML12 and ML15 alloys, aging after casting (TI) (for

heat treatment regimes see Table 7).

The ML4 alloy has the widest crystallization interval (2100) and

is characterized by high tendency to formation of microporosity and hot

cracks in castings, lowered hermeticity and fluidity in comparison with

the other high-strength cast magnesium alloys. It is used for casting

into sand forms; casting into chill molds and pressure casting are not

recommended.

The ML5 and ML6 alloys are used for casting into sand forms, into

chill molds and for pressure casting. They have good casting properties

which make it possible to produce complex and large castings (see Cast

MagnesiumAlloys). The ML12 alloy has satisfactory casting properties.

In comparison with the ML5 alloy it has high tendency to formation of

hot cracks during casting of thin-wall details. Alloy ML15 exceeds the

ML12 alloy in casting properties, castings made from it are characteri-

zed by high density and hermeticity. The ML12 and ML15 alloys are re-

commended for casting into sand forms and into chill forms (Table 8).

The processing properties of these alloys depend on the zirconium con-

tent (grain refining agent). The best mechanical and processing proper-

ties are obtained with a zirconium content of 0.8%. Thanks to the small

grain size the variation of section thickness has less effect on the

mechanical properties of castings mad3 from the ML12 and MLl5 alloys

than on those made from the ML5 alloy. Details made from these alloys

have higher and more uniform mechanical properties.

According to AMTU 488-63 the average value of the ultimate streng-

th of specimens cut from castings of the ML12-Tl and ML15-Tl alloys

must be no less than 85% of the ultimate strength of individually cast
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2
speciments, i.e., 18.5 and 17.5 kg/mm respectively, regardless of the

wall thickness. On specimens cut frcsm castings of the ML5-T4 alloy with

wall thickness more than 20 mm, ob must be > 15.5 kg/mm2 (i.e., about

70%). on specimens cut from thin-wall (up to 10-20 mm) castings the av-

erage value of the ultimate strength is about the same for the ML',-T4

2
and ML15-Tl alloys, i.e., 17-17.5 kg/mm . The average values of the

yield point of the high-strength cast magnesium alloys are different on

individually cast specimens and on specimens cut from details. The av-

erage value of the elongation of specimens cut from details must be no

less than 60-65% of the minimal values of the elongation of individually

cast specimens. In casting details from the ML12 and ML15 alloys account

must oe taken of their greater shrinkage and increased thermal conduct-

ivity; therefore, increased riser sections must be used in comparison

with the MM5 alloy. The casting temperature for details made from the

ML12 and ML15 alloys must be 10-200 higher than for the ML5 alloy.

Taking account of the high hot brittleness and oxidizability of

the ML12 alloy, use is recommended of core mixtures with maximal pli-

ability and high gas permeability, uniform supply of metal to the form

and nonturbulent filling.

The weldability of the ML4 and ML12 alloys is limited; only small

defects can be welded over. Argon-arc welding is used for the ML15 al-

loy, the ML5 and M16 alloys are quite satisfactorily argon-arc and ox-

yacetylene welded. In oxyacetylene welding use is made of the chloride-

free VF-156 flux. Depending on the size of the defect being welded over,

heating (either local or of the entire detail) is used prior to welding

- to 30-q37Q0 for ML5, ML6 and to 300-3900 for ML12 and MLl5. The fill-

er material is extruded wire made from the alloy being welded, except

that for the.ML12 alloy use is made of wire made from the alloy of the

Mg-Zn-rare-earth metal-Zr system.
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TABLE 7

Heat Treatment Regimes for the High-Strength Cast Magnesium Alloys

Caaa. BNA AnTbN a 9

1 ___a_121_77 3'1I.~

MA4 Zuue ncia. 1

NIts 131.. .7TNhE a nee
*AKIN) OOpy U •

mom.ah T2 ..1. 350 51 2--- y I
Ovrawamn c Tn.,-1UHN01A C7Te-NIC 6 4I 3 0

'lee 12 Am, IJU .ax- 1 31015 3
tie S nlEn0WY, Ta - -,- -..
bIpY11my N MUel"ne 421J5 13--211 "
WaIs "WNeM -ACYN - -- - - -
TILTIIIIN,.I MAwN 360t51 3 ,17?t51 16 L I
=.,,,,+p,. Go+',c 42, ± " I3--1 /0a -

2. OvrnmoNn a

I4'UJh , TJ. NN 6-1 IBonn xl~-'l - -n~ - - -

ITOMA-Hno clem- T4 415±S -1! Bo ... . .
1N AO 12 .um, fl-

,-iK~e vne<'amme

oC A•Ne e T6 4155 --160Boaayx 17515 16

7Cr1o1<HODOOI Io- NANM RAN7 -- - -
oalo"IblM. o- 2 200± t a

-ICT1U He nepe-
OxnIaIN( NhI. TO NIX1

W - rpynne)

mile anne m necqa- 360±5 3.

NO RM-N 410 1 51 21--.91 H I I

190N7,. ,, p~ No '1 -I T4° 1'• - -- - - -

T6 B11-lay 190t 5 4-8 8s41347
4t0±5 21 -29 1 � 11

360± 5 3 Boja
410±5 21-29ý qna

X11, 12 Ia To T1 1' -00-147- o

T6 400°5° 2 B•on 1 150±5150 I50 AIi- -1L
T___ _ _ _ 1300±t5 6 IloilYil - I I

1) Alloy; 2) form of casting; 3) temper designation; 4) solution treat-
ment; 5) aging; 6) annealing; 7) heating temperature; 8) soak time
(hours); 9) cooling medium; .10) ML ; ýi) sand mold; 12) air; 13) 1. Sand
and chill mold casting. Castings with wall thickness more than 12 Mm
cast into sand forms and having massive portions of thickness or dia-
meter more than 25 mm; 14) or; 15) 2.! Chill mold castings; castings with
wall thickness to 12 mm, castings in sand forms having massive sections
of thickness to 25 mm, cooled by installation of coolers (if the mass-
ive sections are not over-cooled they may be considered in group 1.);
16) sand and chill mold casting; 17) hot water; 18) same.
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TABLE 8
Processing Properties and Solidification Temperature of the High-Stren-
gth Cast Magnesium Alloys

3 M.1Ml .16, M.112 t M .1 111

4 Teun-ps waNil xpncra.nn Il
834INww (C).......... .. . . .. GOO 630CI

sal" If VC)...........400 4310 440) 459 1311

ec) .II~UfA)C.~ H . .. .2-10 171-). tel-l. 9.-.4 t3-

* !el ) rI1 vfill .~h zlimm e .14-1

"I, Y?1A (ALM) ... .. ....... ..... 45 290-300 3310 2911 3 z0

37.5 30-35 27.1 32.5-15 27,s-30

10 f4illl. nu.I31( "A lel.K1 ai.

Wall.WI mli Alf 20 cA3
is 100 ) . ... . ............. 70,0 11 40,11 12 24.t 30,11

23 replweThiNlwm . . . . 14 n"fliiw effiAl C-fira.IIIH 22 Cj*'ea.q"R1 I - I
16 Teel np i l al~l'b ~~ij (;C.) D1)0'l , O u',-Il -N 0 11.'i. .0 1 7'1") IV) 7140-11u
17 PcK..*eff3em1.e Vall .w111 i rinrny 3ie'.i~ ~~N ~r.I) ) D i.114yi,.

If~oM as'PM .H N l. l 7 ~ I'~' aw- *~r9..U9

1) Properties; 2) alloys; 3) ML ; 4) temperature of crystallization in,-
itiation (0C); 5) temperature of crystallization termination (*C); 6)
crystallization interval (00); 7) liner shrinkage (%); 8) fluidity, de-
termined from length of cast rof (mm); 9) tendency to formation of hot
cracks, determined from width of ring in mmn for which the first crack
appears; 10) tendency to formation of mic rop orosity (average micropor-
osity number with hydrogen content of 20 cm,~ per 100,grams); 11) (high);
12)(average); 13) hermeticity; 14) low; 15) high; 16) detail casting
temperature (00); 17) recommended form of casting; 18) sand form; 19)
sand form, chill mold, pressure; 20) sand form, chill mold.

In the melting of the alloys, use is made of the V13, T'1: :nhloride

fluxes, special fluxes (for the Mg-Zn alloys), the chloride-free FL11

flux which refine the molten metal of nonmetallic inclusions and pre-

vent it from buring. A fluoride flux is used in the final stage of the

refining and as a covering for the pouring of the alloys of the Mg-Al-Zn

system into the forms.

To refine the grain of the ML4, ML5, ML6 alloys use is made of mo-

dification - heating the liquid metal to 850-900* or the introduction

of substances containing carbon (magnesite, chalk, etc.), see Modific-

ation of Magnesium Alloys. Introduction of zirconium into the ML12 and
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ML15 alloys is accomplieshed with the aid of a ligature of magnesium

with 20-50% zirconium obtained by smelting magnesium with potassium

fluozirconate (K2 ZrF6 ) in the presence of salts which reduce the tem-

perature of the reaction - carnalite or a mixture consisting of lithium

chloride andpotassium fluoride; triple ligatures of Mg - Zn - Zr are

also used.

In the melting of alloys containing zirconium (MLI2 and MLI5) al-

loys containing aluminum must not be allowed to enter the charge. Alu-

minum and silicon impurities (hundredths of a percent) load to the se-

paration of the zirconium from the molten metal.

The high-strength cast magnesium alloys are weidely used in var-

ious branches of industry. The ML4 alloy is used primarily for protec-

tors in shipbuilding; the ML5 alloy is used for-details of flightlve-

hicles (wheel parts, control details and airplane wings), accessory de-

tails (housings, oil pumps, and many others); in the auto industry for

engine crankcase castings, treansmissions, motor vehicle wheel parts;

in the tractor industry for transmission cases and in many other branch-

es of the national economy (see Cast Magnesium Alloys). The ML12 and

ML15 alloys are used for casting details of flight vehicles. Thus, for

example, the ML12 alloy is widely used for casting airplane wheel

parts. The ML15 alloy is used to cast details of housings, accessory

cases, etc.

References: see article Cast Magnesium Alloys.

N.M. Tikhova
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HIGH-STRENGTH STAINLESS STEEL is steel which has high strength and

is resistant to oxidation in a gaseous medium at temperatures to 600.

In many cases the fabrication of detail parts from high-strength stain-

less steel permits considerable reduction of the weight and size of

machinery, which is of particular importance for aviation and other

transport equipment. The EP65 and VNS-6 high-strength stainless steels

belong to the martensitic class; their high strength is achieved by *:.

use of quench with subsequent low temper. Using this heat treatment

the ultimate strength of the steel depends primarily on the carbon con-

tent. With regard to temperature resistance, the high-strength stain-

less steels are not inferior to the pearlitic class high-strength steels

which are widely used in industry (30KhGSA, 30FhGSNA, 30KhGSNMA, E1643,

30Kh2GSN2VM) and at 450-500* are superior.

The EP65 and VNS-6 grades of high-strength stainless steel are

12% chrome steel of the E1961 type (see Martensitic Stainless Steel)

with high vanadium content (EP65 steel) and molybdenum content in-

creased to 2% (VNS-6 steel); the carbon content is also increased in

both steel grades. High-strength stainless steel is produced in the

form of rod, forging blanks, and sheet.

The effect of tempering temperature on the mechanical properties

of quenched EP65 steel is shown in Fig. l.

The fatigue limit is determined on the basis of 1-107 cycles; the

specimen notch radius is 0.75 mm. The modulus of elasticity of the

EP65 steel is 19,00 kg/mm2

The effect of tempering temperature and quench termperature on the
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Fig. 1. Effect of tempering temperature on mechanical properties of
EPS65 steel (oil quench from l1050~70). 1) a and a~ 2 gmm;2 ~
gM/cm2.3 tempering temp~erature, OC; 4i) an.
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TABLE 1

Mechanical Properties of High-Strength Stainless

Steel (No Less Thlan)

CTRTopunm o~p&ýn~u I 4 If 511

23XIISHflM A H ma18. aurN,7 npd
(aaRHI2I0.

(f8)6 1o~o-.to707u, x.,~4aw
AOIINOS 0 NCJe MA~NH

"T'5' 8 .IA H . It to2 40 4 M~-3. z

Cani l ) 1 05 . laxaJ111A c
9 c ap~e :0,.. . 165 ISO Ii 41 4 2730

1) Steel; 2) heat treatment; 3) Q,/mm2 ); 4) an (kgn/cm2); 5) HB(dtp
mm); 06) 23Khl3I{VMvFA (EP65); 7) normalize at 1050%, quench from 1050-
10700, oil or air cooling, temper at 300-350*; 8) VJNS-6 JEP3ll); 9)
normalize at 10500, oil quench from 10500, temper at 300

TABLE 2
Stress-Rupture, Creep, and Fa-
tigue Limits of EP65 Steel

Tep x.,. I "
O6pa=8m 2.~

38awarna 2 - - 60 45
C100. n. 4400 10 67 - -na *A. 0 "C.ac. 41 200 62 50 30

Drrota~fwpm 500 70 21 50 30
5 50 - - 50 j30

1) Heat treatmaent, 2) test temperature (0C); 3) a-,kgmm) 4)
smooth specimens; 5) notched specimens; 6)quench -from 1050 oil
cool d., temper at 550* .

TABLE 3
Variation of Elastic Modulus of
FP65 Steel With Temperature In-
crease

Teun-pa
Teplmw. 0p6om0Ta I uN (CfL) , T ~-

8awairms c i020-1050, 0 70
OZAW~twe Usl: 4000 1161200

OU7CR ape $30-550 450 1700

4 50 15200

1) Heat treatment; 2) test temperature (*C); 3) E 2k/m,4 quench
) from 1020-1050%, oil cooled temper at 530-5500-
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TABLE 4
Stress-Rupture, Creep,, and Fa-
tigue Limits of VNS- Steel

3a4mjiwa 6 e ~ 64)3 6.
1051k. 02.13- 450 90 5 - -

ww lCiteO a me- 5.0 GO 11 32 -
rjie, olfl7cx 554 50 23 50 28

per at 5800; 7)7quench £rome 1500, oil cold2tme7a 50

Produ of HpeighStengntch 0tie75See

notched specimens; 5)(kg/mmn2); 6) quench from 10500, oil cooled, tern-

pe t50" )qenhfo 0500 ol ooed t.~Lemper~C 2t6

23 X 13 H WAA 10.4 11.2 13.2 o., 001 0504 10.07 10.06% 0.064
.10,4:1 .0)

a, C-S 8.7 S.4 11. 0.048 0.0 1 0.054 0.058 0.01 0.061
(a3 13NI 4

Note: Steels 23Khl3NVMFA and VNS-6 are oxidation
resistant in a gaseous medium at 600-6500.
13 Steel;( 2) X (cal/cm-sec-00; 3) 23Khl3NVMFA (EP65)
4vNs-6 (EPell).
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TABLE 6

Hot Pressure Working Regime, Heat Treatment Regime,
and Field of Aplication of High-Strength Stainless
Steel

Penim ropR- a' 7i"T. 7el'u"M Pow*" OK,,.qT. "OIm.

CTUa I we 0P.nmIN 0.3t6oTH4 1e a • I .6p,&,,Ma Mg ae - noYlpO . Uheml lle•.e.N
i4J M e 9 At- i ii b ITOM

23X1 I3HBN0A Ma2IClut "a- noen e 1) 3Mae.a e 1.10.. OXASm- Canoma m IIAU .
(8US$) rpem fln 600 nJrAVK eCN a U84JI on1 Ma on$- X1AJ1Q So 50* W Ame nw.

tfare s * , Co. 8 ,a ,,.. a lze. rmyr up. C ,U30-550. ,,w moARe, le e,,,aa.
J t MS An LD i CUrE .4 deNSeA IUC 0, OclXAm- T.7mai nUPORIOOt:

qlo -ie4mpma. - JalaSqUN C ' ine. 01oa0( Bpm 300--3&0 06 135 A- ,,+' npe 450*,
UNRa M Netep- Iuf'O-tO00
mane 1150- a oTfnlir 10 a. I IS MIAi, up. 500'
o000, o aamm- Ip 7 I 0-

AeMel & OnN 780. 6 2
"an ropaese1"WH 15 1

DlICOe To we 1 To me f) 340caam C le50. 15 nam. O "t"- CaEn now YI. an . ma.
(A131•1) Hne 9 3 3cM wall HA w0e- PoLNCe Ipoi 6 00 mO

14 2 ),93.1 1 rp. n580 s.lawexoa muaayxe

1317 AHnO 3a M 3C E. Opp 150, 19BNl 70 0111CM31W 6140.•IN +i

18 3)3Selap.ir C IOSO1, O-IS CRAOSie nAe-TA. PiGoyA-
Hetwe a UIci,,W N.Is no *04- Io0,2# flj 3• 4.

£7y1e, omy0c up* 300--350*

1) Steel; 2) hot pressure working regime; 3) preliminary heat treat-
ment regime at producing plant; 4) final heat treatment regime at us-
ing plant; 5) application; 6) 23Khl3NV+MA (EP65) 7) slow heating to
6000, then accelerated heating to 1150°, hot deformation in the range
1150-900°, cooling in ashes or hot sand; 8) for softening after forg..
ing, rolling, or stamping - normalizing from 1000-1050° and tempering
at 750-780!; 9) 1) oil or air quench from 1050, temper at 530-550@;
10,2) oil or air quench from 10500, temper at 300-350; 11) structural
parts operati gup to 500° in moist air with strength characteristics;
12) cr, kg/mnmm at; 13) VNS-6 (EP311); 14) same; 15, 1) oil or air
quench from 10500, temper at 5800; 16) structural parts operating at
6000 in moist air; 17, 2) oil or air quench from 10500, temper at 650°;
18, 3) oil !or air quench from 10500, temper at 300-3500; 19) structural
parts operating at 3500.

mechanical properties of tempered VNS-6 steel is shown in Figs. 2 and 3.

The high-strength stainless steel has satisfactory corrosion re-

sistance in conditions of a humid atmosphere and fres water with a

surface finish of A7; passivation is used to improve the corrosion re-

sistance.

M.F. Alekseyenko
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HIGH-STPMNGTH STRUCTURAL STEEL - noncorrosion-resistant alloy

steel heat-treatable to a high ultimate strength (ab = 130-210 kg/mm2 ).

The maximum ab of a heat-treated steel is governed principally by its

C content. The C content should be -0.40% in order to obtain a ab = 200

kg/mm2 after quenching and low tempering, 0.35% to obtain a a b 190

kg/mm2, 0.28% to obtain a ab = 170 kg/mm , 0.25% to obtain a ab 160

kgmm2 and 0.23% to obtain a ab - 150 kg/mm2 . Steel containing 0.45%

C can reach a ab = 220 kg/mm2 after quenching and low tempering, but

has a low plasticity and viscosity. Any further increase in the C con-

tent of quenched low-temper steel causes a simultaneous decrease in

strength, viscosity, and plasticity. High-strength structural steel is

given the necessary viscosity, plasticity, and hardenability by alloy-

Ing with Cr, Ni, Mn, Si, Mo, W, and certain other elements. The highest-

quality steels of this type usually contain Cr, Ni, and Mo; almost all

types of high-strength structural steel are now also alloyed with Si.

Less expensive high-strength structural steels cannot contain Ni or Mo.

The content of detrimental impurities, S and P, should be minimal. Ta-

ble 1 shows the alloy steels which can be used as high-strength struc-

tural steels.

Steel of types 30KhGSNA, 30KhGSNMA, VL1, and EI643, and less fre-

quently 30KhGSA and 35KhGSA is used in the manufacture of machine com-

ponents heat-treated to high strength; type 30KhGSNA is most widely

used as a high-strength structural steel. Tables 2 and 3 show the chem-

ical composition of these alloys and their mechanical characteristics

after various types of heat treatment.
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TABLE I

Ultimate Strength of High-Strength Alloy Structural
Steel

O" MM'1 2(ua' fia)

3 ,Sf CHA. I S X' HA r. 4x rA : Iif -v'n3• 1. 30" -4 'ill .. . 118--2 on 3 'H 1,A- 17,,-- 13.l X( •] N -- llvi

0-1.....1.1.o-t1 C.'x A ... 12 • -

1) Stc,,; 2) ab (kg/mm2 ); 3) 30KhGSNA; 4) 30KhGSNMA; 5) E1643; 6)

40KhNMA; 7) 25K2GNTA;,8) 30KhN3A; 9) 33KhN3MA; 10) 30Kh2N2VFA; 11)
30KhGSA;12 25KhGSA; 13 35KhGSA; 14) 33KhS; 15) 37KhS; 16) VLI.

TABLE 2
Chemical Composition of the Most Widely Used High-
Strength Alloy Structural Steels

C,'aa... .III ' ,"
C1aim C (1 S n Cr NI N N W P

430XI-CHA ... ............ 0.27- 0.-- 1.0- 0.,-- .t.. . . I." "."
0.34 .2 I 1.3 1.2 t,5

531tXICHMA ............ .0.27.- n,-- I.1-- 0.o-l 1.4- 0.4- - 0.610 0/10
0.34 1.2 1.3 1.2 1 41.5

i1 ....... . ...... N 0.3 )- .7- ) 0. -- I.t- _ .. 5- - 0.8- 0.025 0,025
0.43 1.1 0. a 1.1 3.0 1.2

7 BRA ............... 0.24- a.,- 1.0-- I.$- 2.0-. 0.4- 0.9- 0.030 4,0010
0.31 1.2 t.3 2.0 2.1 0.4 1.3

1) Steel; 2 content of elements (%); 3) no more than; 4) 30KhGSNA; 5)
30KhGSNMA; 6) E1643; 7) VIA.

Type 30KhGSNA steel is supplied in accordance with GOST 4543-61,

30KhGSNMA steel in accordance with TU, EI643 steel in accordance with

ChMTUiTsNIIChM 584-61, and VL1 steel in accordance with ChMTU/TsNIIChM

213-59.

The principal special feature of VLl steel is the hardenability

in air of products with large cross-sectional areas (d = 80 mm).

Quenching in air eriures minimal warping and, in many cases, makes it

possible to use clamping devices, which completely eliminate the need

to straighten the component. Bar, forgings (including large components),

hot-rolled tubing, strips, and sheets are produced from 30KhGSNA steel,

large forgings from 30KhGSNMA steel, bars, forgings, and hot-rolled
9/'•i t I.'
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tubing from B7643 steel, arnd bars and rorgings from VLl steel.

TABLE3

Mechanical Characteristics of the Most Widely Used
High-Strength Structural Steels (typical charac-
teristics)

Cvsa& 1J 2 Tepasq. odpa6"wa 1 4__all

0 0oxrc HA 5 Useauaua e o~nrcxoa pe ISO* 10 OS f135 'to 45, 6-7

SOXM~HMA Raipu" I.taxw a Oen i, ass 125 I

6 oeui~.fO 12 ___ 5' 0-7
3A1 ~ me no ups 250' 3auaaI nM6C04 UCO .j 145:

Dal& upsa~x 25 *u o a p 220 210 5 .135 10 4 4 -?

______ 9 38mosma MYICU~ou ape 220- 14~ 175 13 9 40 -

1) Steel; 2) heat treatment;,3) kg/nmm 4) kg-ir/cm; 5) 30KhGSNA; 6)
3OKhGSNM4A; 7) VLl; 8) E1643; 9) 3OKhGSA; 10).quenching anid tempering
at 2500; 11) isothermal quenching in potassium nitrate or alkali at
250:; 12) the same, but at 3000; 13) quenching in air and tempering at
250; 14) quenching and tempering at 2200; 15) isothermal quenching.

a --

Aso
40*

b 210 310 410 370 SW 700

Fig. 1. Influence of tempering temperature on the mechanical character-
istics of 3OKhGSNA and VLl steels: 1) VLJ. (quenched in air); 2) 30Kh-
GSNA (juenched in oil). a) kg/mm2; b) kg-in/cm2; c) tempering tempera.-
ture, C.

Figures 1 and 2 show the variation in the mechanical characteris-

tics of 3OKhGSNAO VL1, and E1643 steels as-a function of tempering tem-

perature. This steel is ensured maximum strength (ab =160-180 kg/nm2 )

and satisfactory viscosity by low tempering.' Heat treatment of 30KhGSNA

steel to a ab of less than 160.kg/nmm2 .is carried out by isothermal

quenching, which can produce a ab 166-180, 150-170, or 140-160 lcg/mm2

* 2042
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qunhngtmertr,°C )31hSA 5)030 hGA
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Fis. 2. i nso u e oera u n ering tempera ture on the mechanical character
istics of E1643 steel In) kg/mmn; 2) kg-rn/cm2 ; 3) tempering temperature,

cc..

x N1

Fig. 3. Influence of isothermal quenching temperature on the impact
strength of 30KhGSNA and 30KhGSA steels. 1) kg-r/cm2 ; 2) isothermal
quenching temperature, 0C: 32) 30KhiGSNA; 4) 30Kh~GSA.

use or isothermal quenching in a hot medium at temoeratures above 3000

to obtain a ab of less than 140 kg/mm 2 is not recommended because of

the danger of a sharp Increase in brittleness. Figure 3 shows the in-

fluence of the isothermal quenching temperature on the impact strength

of 3OKhGSNA and 3OKhGSA steels.

For heavy Vorgings (200-300 mm or more thick) it is best to use

30KhGSNMA steel with the same range of ultimate strengths and heat-

treatment regimes as for 30KhGSNA steel. High-strength structural steels

also have a high durability, even for notched specimens. Table 4 shows

the durability of high-strength structural steel on alternate bending
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of rotating specimens 8 mm in diameter (the durability of structural

steel treated to moderate strength is also given for purposes of com-

parison).

For many mechanisms and machines the strength of components and

units is determined from their ability to withstand comparatively in-

frequent large loads. It has been established that, Just as high-

strength aluminum alloys, in the presence of stress concentrators high-

strength structural steels have a lower resistance to repeated static

loads than steel treated to moderate strength. Components of high-

strength steel with sizable stress concentrators may prove to be weaker

than medium-strength steel. High-strength steel components with small

stress concentrators have a high resistance to repeated static loads.

If a high-strength steel component cannot be designed without severe

stress concentrators or they cannot be shifted to a less highly stressed

area, it is necessary to use medium-strength steel. Figure 4 shows the

strength of 4OKhNMA steel specimens under fatigue loads as a function

of tensile strength and stress corcentration.

TABLE 4
Durability of Structural
Steel Treated to High
Strength

*Cyaji&51 0 I 5 I 11.273

3 ý1 1 Y)T C 'H -A . . 1 7 4 7 3 0 . 6
3,,xrCHA . 164 7 T) 0 49 0.4,25 0."•15 :i."X MA . . Ig 72 46 0.441 0.1155

iOXMA . I oil 42 - 0.,9 -
2SX21'HTA-. 159 74 -44 0.44 ,•,27525 X2fHTA* 152 go . 0.41) 0.24

8 .3X2HR(VA . 137 64.51 3 a.47 0 2K37XH3A . 26. 6t , 0.i44 0.24.S

*Is-thermal quenching.
**Semicircular notch, r =

= 0.75 mm.2.

1) Steel; 2) kg/mm 3) EK643; 4) 30KhGSNA; 5) 30KhGSA; 6) 30KhMA; 7)
25Kh2GNTA; 8) 23Kh2NVFA; 9) 37KhN3A.
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Fig. 4. Strength of 40KhNMA steel specimens under repeated loads as a
function of tensile strength and stres; concentration (K). (Symmetric
extension-ccmpression cycle). 1) kg/mm ; 2) number of loading cycles.

400

Fig. 5. Lcngitudinal stability of 30KhGSA steel pipe as a function of
rigidity and ultimate strength: a) Pipe with flat supports; b) pipe
with spherical supports- 1) length of pipe; i) radius of inertia of
pipe cross-section; Okr -critical compressive stress. 1) kg/mm

' -0 4- ---
007- -- 6 0

-~-30 1?

s to 8

0 15 ,O 45 060750 0 0

Fig. 6. Mechanical characteristics of 30KhGSNA steel treated for high
strength as a function of specimen-cutting direction with respect to
grain of metal. 1) kg/mmý; 2) angle between specimen axis and grain di-
rection, degrees; 3) kg-m/cmnP.
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It is expedient to use high-strength structural steel fr struc-

tural elements which must function under compression and have increased

rigidity (Fig. 5). Such elements have a substantially higher longitud-

inal stability than elements fabricated from medium-strength or low-

strength steel. When a structural element is of low rigidity its lon-

gitudinal stability is determined principally by its modulus of elas-

ticity and does not depend on its ultimate strength.

The mechanical characteristics of high-strength structural steel

depend to a considerable extent on the grain direction. Viscosity, true

fracture strength, and plasticity are materially reduced across the

grain. Ultimate strength, yield strength, and proportionality limit are

virtually independent of grain direction. Figure 6 shows the variation

in the mechanical characteristics of 30KhGSNA steel treated to high

strength s a function of the angle between the specimen axis and the

grain direction. It is necessary to take into account the fact that

various metallurgical defects (hairline cracks, nonmetallic inclusions,

etc.) are always oriented along the grain and consequently only affect

the strength o.' those components in which the normal stresses are di-

rected across or at an acute angle to the grain. High-strength structu-

ral steel is considerably sensitive to metallurgical defects, hairline

cracks, and ordinary cracks than medium-strength steel (Fig. 7); in a

number of cases it is consequently unwise to employ it for components

which function principally across the grain. Such components require

high-strength steel of high metallurgical quality (with a minimal num-

ber of nonmetallic inclusions) and a careful check must be made for

metallurgical defects.

High-strength structural steels are usually not cold-short at tem-

peratures of down to -600 to -700 and have a rather low viscosity at

I. 2046
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"Ga @d oo 4 oc jwteu

2

noa

Fig. S. Mechanical characteristics of' 3OKhGSNA steel (quenched and tcr-m
pered at 2000) at low temperatures. Notched specimens: do = 10 2mm, dn z
= 7 mm, notch angle -600, and notch radius - 0.1 mrm. 1) kg/mm2  2) un-
notched specimens; 3_) temperature, *C; 4) notched specimens; 5) kg-m/

2
/cm

TABLE 5
Mechanical Characteristics
of 3OIKhGSNA Steel at Elev-
ated Temperatures

Tepwnul. "OpaOnma .

_ _ _ -acve ~211 1,1 P 17
5 8m;1THnat 37tu 23v 17o01049 V.s

311p 161) 14 52 5

6 3IC Dp 1o2 35 :.15ofIO10 4 .

)tariganq i.~t~ I 0 1 0 II 41 7.7
aceeanpe 2-,,-. 2 25 '6a,I IS '10 501 Gl

7 TO?)ICH na~i 3140* 300 1681114 52 o

U80"omR.I. 3smaxI - 0 10 054 8.2

(60 OJT~ 36l0 150 12 5

1) Heat treatment; 2) temperature .(OC); 3) kg/mm ; 4) kg-in/cm ; 5)
quenching in oil, tempering at 3100; 6) quenching in oil, tempering at

-, A h '7
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3600; 7) isothermal quenching in potassium nitrate from 2700, tempering
at 3100; 8) isothermal quenching in potassium intrate from 32O (with-
out tempering).

TABLE 6
Mechanical Characteristics
of E1643 Steel at Elevated
Temperatures

Tasco(aOH &E21(3
Tpuu. 0 21) 2::0 9 |, ' (%)

eyes -ap T 1"0."; or. 200 20 11) 411nYCR np* 210" . 2110[210 tIj 4,

.l ata l Apl C 01" I 20 1" I 41,
07Cx ipa 31U- 3 00 J ~ 2 55

3alckaAt a Naene. 0'r. j 21 9 i n '
07ex ape 360" 35o1 165 I2 55

3a ai..mcNS e; 01- I 2, ! 175 I II O 2 a
07n) ape 410 - O I I 12 40

1) Heat treatment; 2) temperature ( 0O); 3) kg/mm2 ; 4) quenching in oil,
tempering at.

TABLE 7
Mechanical Characteristics
of VLl Steel at Elevated
Temperatures

Tepusuq. ~ 01 1p0?a3 K1 E

41a x uII(' C 9310 Hi :ooiayte; 20 175 1950o
orl" Yco 4w 210. 200 |3 --

5To Nei. araycl i 3a0t 20 1 7o

C0o m; orn0t1 api 360" 20 165 -
350 1,0 -z

To me; orncl u•ts 4510" 20 160 -
400 1 7055 t 00

To me. otUayCU nu 46•1 20 155 -
450 135 16300

To we; orneCx upi Sl e 20 till
1 500 1201 15700

1) Heat treatment; 2) temperature (°C); 3) kg/mm2 ; L4) quenching from9300 in air, tempering at 2100; 5) the same, tempering at.

TABLE 8
Calculated Ultimate Strength
(kg/mm )• of Welds in High-
Strength Structural Steel

To..,,,E.- CJaaP_ c Yro-
am-a =ea C| RpKRa nTromR a C BARN C anex-

___________ 3 -a- _4 o 20 5
O--IS lO0l 5 IN

15-25 ISO (90 Man cumi- 65
311643)

1i Weld thickness without reinforcement (mm); 2) are welding with
I KhMA steel electrode; 3) arc welding with austenitic-steel electrode.
4) up to; 5) 90 for EI 643 steel.

2048



111-98s9

temperatures of from -1230 to -1960; Fig. 8 shows the mechanical char-

acteristics of 30KhGSNA steel at low temperatures. The mechanical char-

acteristics of' steels of this type usually drop rather rapidly at

elevated temperatures, although the rate of decrease is for the most

part determined by the allowing elements. Tables 5, 6, and 7 show the

mechanical characteristics of 30KhGSNA, E1643, and VLI steels at ele-

vated temperatures.

Welded Joints in high-strength steel components can be planned

from the weld-strength data given in Table 8.

Wire electrodes of 08KhMA steel or some other low-carbon steel are

recommended for welding E1643 steel and other types of high-strength

steel containing more than 0.35% G.

It is permissible to introduce a plasticity factor of 1.25 into

calculations for the bending of welds. The physical characteristics of

30KhGSNA, VLl, and E!643 steels include: ' = 7.8 (for VLI) or 7.9 (for

the other types),.X = 0.068 (250), 0.070 (1000), 0.073 (2000), 0.075

(3000), and 0.078 (4000) cal/cm.sec.°C (for 30KhGSNA), and a = 11.2 x

(20oi0°0), 12.65.10- (100-2000), 13.45.10- (200-300), and

14.2.10-6 (300o400 0 )l/°C (for all three steels).

The critical points for 30KhGSNA steel are Acl = 750-7600 and Ac3

= 805-830°, while for E1643 Ac, = 7000 and Ac3 = 750-7700 and for VLl

Ac, = 7600 and Ac• 8300. The following types of preliminary heat

treatment are employed to improve the machinability of high-strength

structural steel: full annealing at 900-93G° with subsequent slow fur-

nace cooling (this type of annealing is not used for VLl and E1643

steels); prolonged low annealing at 680-7000 (660-6700 for E1643); ac-

celerated annealing at 780-8000, furnace cooling to 6500 (to 6000 for

E1643 steel), holding at this temperature for several hours, and cool-

ing in air. Accelerated annealing most effectively reduces the hardness
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and improves the Inachinability of high-alloy high-strength steels. Tem-

per brittleness of steel may develop during slow postannealing cooling

over the range 650-4000 and leads to brittle fracture of the annealed

components during straighting or shipment. This type of brittleness is

completely eliminatedlby prequenching heating and consequently presents

no danger to completely. heat-treated specimens.

TABLE 9
Ta le for Determination of
Strength from Hardness for
High-Strength Structural
Steel

STowep oerb

ACC WOTO.

53,5 2 . J ) 2 . .5 t 7o

..5 -- 205 45.5 2.90 160
62 I2.63 t105 40 3.0 O

. ... . ... . . .. 5 . 2.66 "too 38 3.2 130
So. s 2.7 185

1) Hardness; 2) a, (kg/m 2 ).

Three types of final heat treatment are employed for high-strength

structural steel: quenching in oil and subsequent tempering at 200-2500

for 3-4 hr; isothermal quenching in molten potassium nitrate or alkali

at temperatures of from 220 to 300-3800, with or without subsequent

tempering (the strength of high-strength structural steel decreases as

the isothermal quenching temperature is raised); quenching in air and

subsequent tempering at 200-2500 (,sed only for VUI high-alloy steel).

Isothermal quenching of high-strength structural ensures greater

viscosity than quenching in oil and also results in lesser (by a factor

of 3) Warping of the component. In addition, use of isothermal quench-

ing makes it possible to regulate the ultimate strength of the steel

by varying the temperature of the quenching medium; this is impossible

in quenching and low tempering. In order to avoid cracking quenched
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high-strength steel components should not be pickled. Scale is removed

by wet sandblasting. The final heat treatment is usually checked by

measuring the hardness of the steel, utilizing the data presented in

Table 9.

Heat-treated high-strength steel components are straightened by

static loading in a press or by hammering through a pad (without dent-

ing the metal); additional annealing of the component after straighten-

ing is not obligatory. High-strength structural steel has satisfactory

machinability after annealing and can be machined in the quenched state

if a hard-alloy cutting tool is used. Threads can be produced only with

cutters. It is generally necessary to temper the steel at 200-2500 af-

ter polishing in order to relieve the internal stresses. In reaming

holes it is very important that the surface fineness after machining

be no less than V6. The surface fineness of high-strength steel compon-

ents should be no less than V4-V5 and sites of stress concentration

should be machined to a fineness of V6-V'. High-strength structural

steel is welded by the arc (manual and automatic), atomic-hydrogen, and

argon-arc methods. Steels of this type are usually welded in the an-

nealed state, but welding of previously quenched elements is permissible

in individual cases. Electrodes of E1334 alloy and other alloys of the

nichrome type are used as the rod material in this case. In order to

avoid development of "cold" welding cracks high-strength steel compon-

ents must be heated to 200-300' before welding and to no less than

2000 immediately after welding. High-strength steel components are gen-

erally not soldered, since contact between molten solder and steel with

internal or external stresses may cause cracking during soldering.

In order to ensure maximum strength under repeated static loads it

is recommended that the protruding portion of the weld be machined down

flush with the surface of the component and that the root of the weld
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be ground down in single-sided welding. Where such grinding is impos-

sible the weld should pass smoothly into the base metal, without form-

Ing notches or sharp angles.

High-strength structural steel can be welded to itself and to low-

carbon unalloyed or alloy steel. Welding to stainless-steel components

should be carried out either with a low-alloy rod of the nichrome type

or through transition elements fabricated from low-carbon steel. High-

strength structural steel is very susceptible to hydrogen embrittlement

(see Hydrogen embrittlement of steel) and consequently cannot be gal-

vanized in the hardened state. Chromium-plating of smooth surfaces to

provide corrosion protection for the friction surfaces of components

is an exception; the plating process must be followed by tempering to

eliminate hydrogen embrittlement. The components snould be subjected to

minimum straightening after quenching in order to avoid cracking during

plating.

High-strength structural steel is protected against corrosion by

painting, metallization, or phosphating. Bluing provides poor corrosion

protection and may cause the component to crack when substantial inter-

nal stresses are present.

- ?Ol010-7 6O

Fig. 9. Drawing 2 of bolt fabricated from high-strength structural steel
(%b > 18o kg/mm

Definite restrictions must be imposed on the design of high-

strength steel components, since this material is highly susceptible to

stress concentrators. All cross-sectional transitions must be planned

-f 2052
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to have the maximum possible radius of curvature; this is especially

important in areas where there is a sharp change In the direction of

the forces.. Threaded components must have a clear space in front of the

thread and, in the case of very high-strength steel (a = 180-210 kg/
2b

/mmA), beneath the head as well (Fig. 9). These clear spaces reduce the

stress concentration in the most heavily loaded areas of the bolt.

Threads on bolts and other components should be made with a standard

minimum radius measured across the thread trough.

High-strength steel bolts must usually function under shear. The

permissib]e short-term tensile stress (maximum) is generally no more

than 100 kg/mm2 , while the permissible long-term tensile stress is no

more than 40 kg/mm2. Bolts should be installed with no curvature under

the nut or the bolt head. Fabrication of welded tanks subject to gas

pressure for prolonged periods from high-strength structural steel-is

not recommended. Tanks subject to brief pressure are best welded by the

argon-arc method with a nonfusible electrode and no rod.

High-strength structural steel is employed for various mach ned

and welded components not having sizable stress concentrators in the

areas of greatest stress; the higher the strength of the steel, •he

more rigid are the requirements that must be imposed on the perm ssible

stress concentrators.

References: Primenenlye staley vysokoy i sverkhvysokoy prochnosti

dlya detaley mashin [Use of High- and Ultrahigh-Strength Steels for

Machine Components], Moscow, 1958 (Filial VINITI. Perevodoy nauch no-

tekhn. i proiz. oput (Branch of the All-Union Institute of Scientific

and Technical Information. Advanced Scientific and Technical Experi-

ence], Report 19, No. M-58-474/19).

Ya.M. Potak
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HIGH-STRENGTH TITANIUM SHAPING ALLOYS - alloys with an ultimate
strength not less than 100 kg/mm2, which are subjected to hot shaping,

i.e.,, forging, stamping, rolling, etc. These include alloy brands VT8,

Vr9, VT14, VTI5, VTI6. The VTJ and VT3-1 alloys occupy an intermediate

position, having a strength of 95-120 kg/mm2 .. High-strength titanium

shaping allovF axe distinguished by their high specific strength (not

less than 22.105 cm) and high corrosion resistance. See Medium-strength

titanium shaping alloys, Heat resistant titanium shaping alloys, Heat

treatment hardening titanium alloys.

References: see at end of the article Titanium alloys.

S.G. Glazunov and V.N. Moiseyev

205.4
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HIGH-STRENGTH WROUGHT MAGNESIUM ALLOYS are magnesium alloys with

an ultimate strength of 26-40 kg/,; 2. This group includes the MA2-1,

MA3, MA5, VM65-1 and MAlO alloys. The MA2-1 alloy is the most plastic,

therefore, it can be subjected to rolling for the production of plate

and sheet. It welds better than the other alloys of this group and is

suitable for fabrication of welded structures. The MA3 alloy differs

little in mechanical properties from the MA2-1 alloy but is less plas-

tic, has lower weldability and is more prone to stress corrosion. The

MA5 alloy has the highest strength of the wrought alloy of the Mg - Al -

Zn - Mn system, but is less plastic, less suitable for welding and has

greater tendency to stress corrosion. The VM65-1 alloy has high mechan-

ical properties, high plasticity in forging and stamping, is not prone

to stress corrosion, but is not amenable to welding. The MA1O alloy has

the highest mechanical properties of all the wrought magnesium alloys,

can be welded, but is more expensive because of thealloying with silver

and is most prone to stress corrosion, therefore, it has limited appli-

cation. For chemical composition of the alloys see Magnesium Alloys.

The MA2-1 alloy is used for the production of alJ forms of wrought

mill products, including rolled plate and sheet; the other alloys are

used for the production of extruded items and stampings. For the mech-

anical properties of the High-Strength Wrought Magnesium Alloys see

Tables 1-7. The minimal mechanical properties of these alloys guarante-

ed by the specifications are lower than the typical values by 3.5-7%

with regard to ultimate, 10-15% with regard to yield; the elongation is

less by a factor of 1.3-2 times.

2055 ]



I1-5I-M

The wear resistance of these alloys is characterized by the fol-

lowing figures: for the MA3 and MA5 alloys in the annealed condition,

with dry friction, sliding rate 1.15 m/sec and a pressure of 4 kg/cm2

2the wear depth is 0.13-0.14 mm, and with a pressure of 16 kg/cm the

wear depth is 0.31-0.34 mm per km of friction path.

TABLE 1
Typical Mechanical Properties of Mill Products from the High-Strength
Wrought Magnesium Alloys at 200

Oift s n ..V • ?S c,• r.sae 7 , I( 23.' If

UA2-1 Jll"x'l' TO-33If-o 6 0TOW•eNue 7 4200 0.31 -- Is 28 16 _

Nul O.-3 .AI
au-,-, 'ru • Mw I Fop.Iqei'alawe9 4200 0.31 10 I f 27 14 2'
Sof 30 A%nprrmn 10 OlpeccoN nue It 4200 0.31 - to 23 12 -

fp"KinAnu 12 To me 13 4200 0.31 - Is 28 14 -
fnwomics if 14 Ses ?wpeii. Is 4200 0.31 - 1 27 t0 o -

nmanoinu oaps MRS~KAI pyrw -0o flpeccosarngaie 11 4300 0.31 - 22 28 12 -

13prmu.D is To meS) 4300 0.34 10 17 27 14 i32OCM

rlosoame w 14 OTomweumRa 7 4300 0.34 - 22 28 12 -

*As nPTyxn uo 3mai1ceHHme 17 4300 0.34 13 22 32 14 20
l.mopn s a 14 To me 13 4300 0.34 - 22 31 12

11165-1 npy'a to HcKrcyTmeuno 11 4300 0.34 14.5 28 33.5 9 2I

rnomnem 19 To we 13 4300 0.34 13 27 *32.5 10 25flpt•mau 12 * 4300 0.345 -- 29 34.5 10 -
3l'o10omn 20 *4300 0.34 - 25 31 2 -2111UO Iun 2I1 0 43 0 0 0 ,3 4 - 2 6 3 2 14

MAIO mp)-m,• , I Tepunw.jen 22 4300 0.33 t3 30 43 6 aoOpIaora nume
hoaoes ceqewuev 23 To me 13 4300 0.33 - 29 39 4.5 -nooonsa so upypa a 4300 0.33 - 21.5 36

* 200 .,.• 24

f) Alloy; 2) form of mill product; 3) material condition; 4) (kg/mm2);
5) o'pts; 6) sheets of thickness 0.8-3 mm; 7) annealed; 8) plate off
thickness 30 mm; 9) hot rolled; 10) rods; 11) extruded; 12) profiles;
13) same; 14) forgings and stampings; 15) without heat treatment; 16)
rods and strip; 17) solution treated; 18) artificially aged; 19) strip;
20) forgings 21) stampings; 22) heat treated; 23) strip of section 32
x 0 mm; 245 forging from 200-mm-diam rod.
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TABLE 2

Mechanical Properties of Hi§h-Strength Wrought Magnesium Alloys in Var-
.ious Forms of Testing at 20

4 pwa?,." I( " ' (-"' "-

C4 Ur ,, .it

111n 9 4 0 3 8.5 4 .1.
M A 3 ' 11. . F1 $X c pIIIq la -6 4 1 .2 .- 5 to 1 1it I o

•A I llCs C1apc i l
Ii|.nwrh£.1 To we 9 1601 46 Is - , -. 14 . I1

MAIO j Ilpyiilxl ,4.ieHMlN 20 - 54 24 - to- I .25 I1j.
,I I1 tlCOCISPCNRUNI

1) Al.o; 2) form of mill product; 3) material condition; 2 4) compres-
sin; 5' torsion; 6) ghear; 7) T pts; 8) t sr; 9) (kgm/cm ); 10) (kg/
mm )on basis of 5.101 cycles; ll plate; 12) hot rolled; 13) strip;
14) extruded; 15) rod; 16) solution treated; 17) VM65-1; 18) artific-
ally aged; 19) same; 20) solution treated and aged.

TABLE 3
Typical Mechanical Properties of Mill Products of the High-Strength
Wrought Magnesium Alloys in Longitudinal and Lateral Directions

I4 IIpoj.1,Lthle S fnlo peqa,ci

1 2 3s 4 lows11o 41k8913 I 3 ~ u
Cnaa CoJr'41OpnHAr MaTepua. .

(.C.1 ALM-) I% (,•, , 1 ,

UA2-1 71"1anma yn.iWKnAO IsropvietaSmTr e 26 is 12 2 1' I f2
30 AaI

h.iXCn, 'T(1N 111o0 9O0romweRwe 27.5 17 l4 21.5 19 14
0.8-3 ic,

MA3 nlpy+mnprecomaxi0 To me 11 2 Is5 £0 20 12 3

14:A5 noptw,<. ?Ula no-13 3a .anewr.,e 13 23 20 7 22 12 31 4DM65-1 gpTrm e 112 Lts Co peow•P 16 31 25 Ii 27 12.5 14

nlonio ci taew 17 To me 11 33 28 £0 21 20 14
34t455 MA

MAIO rlpymn 0 • 20 Am•8 3aptxanexw e a o-- k4 32 A 28 25 4
16 N7CCTve"HO co"a-

n-ne f~caeeennem 17 Tome 11 39 258 & 3: 22 4
32::410 Am

1) Alloy; 2) form of mill product; q) material condition; 4) longitud-
inal; 5) lateral; 6) (kg/mm ); 7) plate - mm thick; 8) hot rolled; 9)
annealed; 10) extruded rods; 11) same; 12) forgings of balde type; 13)
solution treated; 14) VM65-1; 15) rods - mm in diameter; 16) aged; 17)
strip of section - mm.
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TABLE 4

Mechanical Properties of High-Strength Wrought Magnesium Alloys at Var-
ious Temperatures

I . UA- - nn? * pTI . 195 f* MA3 AT- . Rt --,y, iN .t,- vNot;4 0 . m - , ,lfl7 w I.

01Pet .:i 6 o 0".1 6 6 1e V'.1 A 01. fill's 6a #
7ln..L)7(' f% ) i 1%,

6. 1 -w -L4 A % - I 31 6 i I

.70 29 1: 1 I6 . -- :l14 f 1' 3 -
1 02T t 2 20 2.51, 1B21 32 2 ý14 - ;L.7 . .1  t

12'4 1 9. .0 9 1.U 3 2 ,, , ,1 I2 -10 L: ,7 3S 23
2.10 14 71 . 30 I 1I 5 .1 4 '. III .1. 1 4 1 - 4 4 17
2S1 0 5 ý . 1 11. 4.S 701 II 41 11. 014 1 Ni)3o.' 4 4 0 - 6. 3,5 t21 7 - , I0 I .

1) Temperature; 2) MIA2-i hot rolled plate 30-mm thick; 3) MA? annealed
strip; 4) MA5 rod, solution treated and aged; 5) VM65-1 otrip c0 x 140
mm, aged; 6) MA1O rod 25-mm diameter, solution treated and aged; 7)
(kg/mm ).

TABLE 5
Sensitivity of High-Strength Wrought Magnesium Alloys to Notching at
200 *

CTmTlq.l.eele Bari.p Puul miftie2 3IcI1ngun xcnwN TAhNu

C~ill.. ObI 0i :/Oball,.

M 2*t. 27 29 1.1 10.t 5 7 I.
M A3 28 28 1 1 .5 9.1 1. 2
MA5 37 32 I2 II 1.3IIMTi65.- 34 40 1.2 12 8 1.5MAIO 43 36 0.9 12 . 8 1,55

• At a temperature Of 70° for the alloy MA2-1 an/a 1 and for
the alloy VM65-1b/ab 1.1. 2a

1) Alloy; 2) static testing; I) vibrational testing; 4) (kg/mm2); 5)
VM65-1.
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TABLE 6

Creep Limits of Some High-Strength Wrought Magnesium Alloys

h......... *.,I.* .
| ,C() of' as's 1" 00. 1"e a*.$ 0"11 soiIo •. ee a' 1" I. 17,1to

I1 I

I1f N I 1. in3.2~r.
15u 2 .5 3.1 1.2 0.1 f.:i 0.7
20 - I 0.5

1) Temperature; 2) (kg/mm2 ).

TABLE 7

Long Time Ultimate Strengths of Some High-Strength Wrought Magnesium
Alloys

SMA2-1 2 JIMr,5-1

T enpa mi
(('uJ (x .w.) (U- aIM'

VC 1 ,

100 13 -

150 8 -
2')0 4 2.5

1) Temperature; 2) VM65-1; 3) (kg/mm2 ).

Physical properties of the high-strength wrought magnesium alloys.

Alloy MA2-1: T = 1.79; a = 26.10 -6 (20 - 1000) i/*C; p = 0.12 (20*)

ohm-mm 2/m; X = 0.23 (200) cal/cm-sec-0 C; c = 0.26 (I00°), 0.27 (200°),

0.29 (30 0 0) cal/c-0 C. Alloy MA3: ry = 1.8; a 26.1. i06 (20 - 100°),

27.1.10-6 (100 - 2000), 31.2.10-6 (200 - 3000) l/°C; p = 0.153 (200)

ohm-mm2 /m; X = 0.16 (200), 0.19 (200*), 0.20 (3000) cal/cm-sec-*C; c =

0.27 (1000), 0.29 (2000), 0.30 (3000) cal/g-0 C; recrystallization tem-

perature (deformation 20%, anneal for one hour is 2850. Alloy MA5: X -

1.82; a = 26.1. I-6 (20 - 1000), 27.7.10-6 (100 - 2000), 28.5-10"6 (200

-3000) i/°C; p = 0.162 (200) ohm-mm2 /m; X 0. 14 (20°) cal/cm-sec-OC;

c = 0.27 (1000), 0.29 (2000), 0.30 (3000) cal/g-_C; recrystallization

temperature (deformation 20%, anneal for one hour) is 3450. Alloy V.M65-1:
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X = 1.8; a = 20.9.10-6 (20- 100°), 22.6.10-6 (100 -2000) l/0 C; p

0.0565 (200) ohm-mm2/m; X = 0.28 (20°), 0.30 (2000), 0.30 (300°) cal/

cm-sec-°C; c = 0.25 (1000) cal/g-0 C. Alloy MA1O: y = 1.99; a = 27.9-10-6

(20 - 1000), 27.8"10-6 (100 - 2000), 30.2.10-6 (200 - 3000) 1/ 0 C; p =

0.162 (200) ohm-mm2 /m; X = 0.13 (200), 0.17 (2000), 0.18 (300°) cal/cm-

sec-'C.

The high-strength wrought magnesium alloys have satisfactory gen-

eral corrosion resistance, but in usage details must be protected by

inorganic films and paint coatings. The tendency to stress corrosion of

the alloys MA2-1, MA3, MA5 and MA1O increases from the rMA2-1 alloy to

the MAIO alloy. The MA3 and MA5 alloys can be used with long-term ten-

sile stresses which do not exceed 60% of the tensile yield limit (C02).

With stresses equal to 90% of a0.2B in the natural atmosphere in the

unprotected condition cracks will appear on the surface ofýEthe MA1O al- . -

loy specimens after 6-8 days; therefore, this alloy can be used only in

products intended for short service life. The tensile processing stres-

ses must not exceed 0.4 times c0.2; the compressive stresses are not

limited (see Corrosion of the Magnesium Alloys, Protection of the Mag-

nesium Alloys).

The MA2-1 and MA3 alloys are not strengthened by heat treatment.

MA2-1 sheet and MA3 stampings are subjected to annealing, extruded mill

products and plates made from the MA2-1 alloy are delivered without an-

nealing. The VM65-1 and MA5 alloys are subjected to heat treatzment-

solution treatment in air or hot water and artificial aging. Solution

treatment alone without aging is usually used for the MA5 alloy. Only

aging is used for the VM65-1 alloy. The MA1O alloy is subjected to sol-

ution treatment and artificial aging (Table 8).
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TABLE 8

Processing and Heat Treatment Conditions for High-Strenrth Wrought Mag-
nesium Alloys

| .'iii I ;t 46I~tl¢lll d(* I ~ f'r,clr S :|llria I.4.,o-J f 6 .I~II

i fl4i-p4i * .i41•1t4 r •I .. I f , ? 4) :1 S |lelj

IA m: .'-T 0 ;..:u -i'l ;.1 .1-:M
I1M I,5*I 9 2;i,- • 25: 4•q 1S-:SJ "--

MAI41 71,0-751 301 I- 4.:0 - ý -. li5 -. V' -4 It' .;-- 170-I1"U 1 2--4

1) Alloy; 2) casting; 3) pressure working; 4) anneal; 5) solution treat-
ment; 6) aging; 7) temperature; 8) time (hours); 9) VM65-1.

The MA2-1 alloy has the highest processing plasticity. It can be

used for the production of all forms of wrought mill products. In the

hot condition it is subjected to the various operations of sheet stamp-

ing. Three-dimensional stamping can be used for the production of de-

tails of complex form; free forging is used to a limited extent. The

alloy welds well using argon-arc welding, the strength of the weld

Joints is 90-100% of the strength of the parent material. The MA3 alloy

has medium plasticity and sheet rolling is not recommended. Three-di-

mensional stamping can be used to fabricate details of medium complex-

ity in shape, free forging is not recommended. This alloy welds satis-

factorily. The MA5 alloy has low plasticity and is not worked by free

forging; stamping is used to fabricate details of simple form. Limited

welding is used. The VM65-1 alloy has satisfactory plasticity in extru-

ding and stamping. It is suitable for the production of profiles and

stampings of complex form, simple free forging operations can be used.

This alloy is not weldable. The plasticity of the MA1O alloy is the

same as that of the MA5 alloy. Pressing and stamping of details of com-

plex form from this alloy cause no difficulty. This alloy is welded us-

ing argon-arc and resistance welding. Forging and stamping of the high-
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strength wrought magnesium alloyslmust be done on hydraulic presses,

the use of mechanical presses is less favorable, and rdrop hammers should

"be used only in extreme cases..The use of double action hawmners iz not

recommended. All these alloys machine well.

Among the high-strength wrought magnesium alloys, the VM65-1 and

MA2-i alloys have found the widest use. The high-strength alloys are

used for the production of details for hoisting machines, hitches for

trucks and buses, power saw frames, moving parts of knitting and weav-

ing looms, railway and hand cars, details of portable instruments, var--

ious instruments and equipment. The MA2-1 alloy is used for paneling,

partitions and frames, in the form of profiles and tubes for weldments

and other details fabricated by three-dimensional stamping. The MA2-1

alloy can be used for the production of bodies, gas tanks, instrument

panels, and other details of sports cars. The VM65-1 alloy is used for

unweldind large loaded details, panels, etc. The MA3 and MA5 alloys are

used for loaded details which do not have thin sections (< 4-7 mm). The

MA1O alloy can be used for the fabrication of details which are subject

to high short-term loadings. The high-strength wrought magnesium alloys

are also used in aircraft and rocket engineering.

References: see article on Wrought Magnesium Alloys.

. A.A. Kazakov
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HIGH-T4P ERATURE CAST MAGNESIUM ALLOYS are magnesium alloys which

are intended for casting details operating at temperatures to 250-350O

(long-term) and to 350-400 (short-term). The high-temperature cast mag-

nesium alloys include the type ML9 (AMTU 447-59), ML1O (AMTU 488-63),

MLll (AMTU 488-63) alloys based on the magnesium-rare earth metal -

- zirconium system, the type MLi4 (AMTU 036-59) and VMLl alloys based

on the Mg - Th - Zr system and the VML2 alloy. For the chemical compos-

ition of these alloys see Magnesium Alloys. The recommended temperature

limits for the use of these alloys are shown in Table 1, the mechanical

properties in Tables 2-8 and in Figs. 1-7. At room temperature these

alloys have relatively high mechanical properties with the exception of

the MIll alloy (Figs. 1-3), which is weaker than the rest. The ML1O and

Vm2 alloys, having the most favorable combination of hiZh strength and

good plasticity, have the best properties at 200. The ML9 alloy surpas-

ses the ML1O and VML2 alloys in yield strength (Tables 2,3,4). On the

average the guaranteed yield strengths of the ML9 and MLIO alloys sur-

pass the yield strengths of the most widely used casting alloy ML5 and

are on the same level with those of the alloys ML12 and l5lI. C astings

with massive sections made from the ML9, ML1D and VML2 alloys have more

castings from the ML5 alloy, and surpass them in both yield strength

and ultimate strength.

The high-temperature cast magnesium alloys ML9, MLlO, VMLl and VML2

differ from the high-strength magnesium and aluminum casting alloys in

a comparatively slight reduction of the yield point with temperature in-

crease (Table 5, see Figs. 2,4). At 2000 the yield strength of these al-
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TABLE 1

Recomnmended Temperature Limits for Use of High-Temperature Cast Magnes-
ium Alloys

31CIrolll11N h

iN2 .. l2S0•t~l -~• b~S•

UJI1 2St1 I I3.SN3I21 .: 210et+In

01I11, 30 . ,oo 3%-.4fOl

N1 I4 . . 10-370 400-4-0

1) Alloy; 2) limiting working temperature (°C); 3) long-term operation;
4 short-term operation; 5) ML; 6) VML.

TABLE 2
Typical Mechanical Properties of High-Temperature Cast Magnesium Alloys
at 20° (12-mm-diameter specimens cast in sand form)

Oaap S 10_ 6m d j & - _.I R.a________) I (L A'

S24 . ( 4 (%

S 1111:11T6 4 t0oI 0 P33 .14 54. 24 3 6 7 14 35 16 17 S 6%
NIIa Q T6 13-0)0 1120 0 300.33 7 i2 24 5 7.5 5 10 33 13 17 7 6s

)ua0ov.U . 4200 1600 0.31 4 to 13 3 3.5 4 to 31 23 - - s0
4MtT . . 200 1600 0.31 4 9 S 15 5 7 4 9 1t.5 26 ,2 7 40

X.III-T6 4200 .600 0.31 4.5 10.5 I 813 5 4.5 10.5 32 25 12 7 0

,.,...390011-1. ,.sj 205!- : 1.."*(3 00  
- j 1 ,J 5 201 6 2 -- 22

DN.12 . . .430016 0.33 6 122 a 65

*Endurance limit determined in cantilever bending of rotating
specimen, N = 2.lO7 cycles.

1) Alloy and temper; 2) a Pts; 3) r sr; 4) (kg/mm2 ); 5) MI ;6) with-
out heat treatment; 7) VML.

TABLE 3

Mechanical properties of Certain Alloys at 200 (5-mm-diameter specimenscut from details)

STununume MURRUSAahNW S

C C a• s a e O

I.t,1o., .... 22-24 1 27.5 2.1
x22-2 2.511 10,1 2.1
MAII 1t4 . .... 13,5-1 34.5 I,5 2

7 M........ .. 22-26 6 (. 5 .
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1) Alloy and temper; 2) typical; 3) minimal; 4) (kg/mm2); 5) ML; 6)

without heat treatment; 7) VMI.

TABLE 4
Mechanical Properties of Certain Alloys in Torsion and Impact Loading
Strength at 20

Cn.aamueit. N em

SM.1I.TO 9 I 27 5 26" 1: .5%A~lIT , 4 .. 13 6 27'Jr,, 1
U I- IT .5 it 2i, iD1M.:2-1"6 7. I5 --19.;+ .

!2

*Impact strength of ML1O alloy at 200 is 0.4 kgm/cm2

Alloy and temper; 2) (kg/mm2 ); 3) bend angle (degrees); 4) (ken/cm2 );

TABLE 5

Typical Mechanical Properties of Alloys at Elevated Temperatures (10-mm
-diameter specimens cast in sand form)

Cn. ~ ~i2I~f* 6..Cn~ii 0 ern

___________Ir (Re MAI) M %

J.1'$.-TO .... .2.,,o .1450114 2 21 2o
25I)3 0•I11 II I0 20
301) 03100110.513 . 20 40

3o - 0 25 40
4 - a - 13S -

MJ2I0-TI . . . 2,'0 1,,54, 1 110 20
1250 34-1'01.5,11 2 15 30
3410 - .6.521 25 45
;.o - 4.5 6 35 45
400 - - 55

M.521 I 603 p. 2;'0 03 00 7 s l i i0MII • ION 4~ 122.5113 I I
5 300 -- 4 II11 1 -

Nil I.I-T4 . . . 250 3400 j I 13 1 20
3110 - 1 . 0,5 25 I 00
350 3 47 &0 So1

U-r Il-T4 . . . 250oI4001 7.5 ,3 3.51 213ti00 -- 6 1 .530 60
1350 - I4.5 7.530 75

I26L24-TI . . . o300 f3200 4.51 .125 -35 3o11001 4.2 ? 0

140 - 3.• .6 35,

82632-TS . . . 3A0301752. 10 --50 0 • I I :5.0,0 0 . , I -*1400o Isoo -j .5 1.2125 1
32J]2 ...... 25I+" * is il o

350 3000 7 10 ? 30
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'1) Alloy and temper; 2) temperature (C); 3) (kg/mm2 ); 4) MI: ; 5) with-
out heat treatment; 6) VML.

TABLE 6

j $DPA~ flfemm,17qfyh, II'.iw..n ;

CrBeep* Limits and Stress-Rupture of Alloys - -

CJaLWN a fro ¢<.rme WnTN 20 120 50 20,5' 0

, ,UU 4 (as AA) l,,mT (C-.SAM) 5

S11.I-T ........... 0 - S -. - - -.,OO . . . .- 11.$
UJl IOT. .... ............ too . 3.1 - -1 7 2.5

000 a , - - -
311 t1I.T.. .... ............ .Io 6.1 , - , . 2.S

1000 4.5 1.8 0. -- - -
I 2....................... 10 . . ,. 7 4

Built ...................... to - - 2.s - - -1000 - - - : 5M•A.....................,oo 0 - 3.7 , - 8.1
too# -- - -2 -

*Permanent deformation 0.2%.

1) Alloy and temper; 21 test duration (hours); 3) tesA temperature ( PC)
4 creep limits (kg/mmm); 5) stress-to-rupture (kg/mm"); 6) ML ; 7) VML.

TABLE 7
Notch Sensitivity of Alloys at Various Temperatures

2 Ci.,u"•e- •p-

Cajwa It prO TeMfl- 4 Hq lI <"In C ,ITh*IItA.1

M~7TS20 0.3 0.75

MA-S 200 110,
S210 1.1

300 I1.
20 0.95 I 0.9

MAI -TO 200 1. 2 -

S 250 l1l -

Kill0 1.4 -

"Pa". 0T .
Paoma * 20 1.0

20I I -- 20 1 .0 _ _ 0.

1) Alloy and temrper; 2) temperature (CC); 3) static tests; 4) vibratory
tests; 5) ML ; 6) without heat treatment.

12
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TABLE 8 i

Mechanical Properties of Alloys at Low Temperatures

s "- a rro

4.ai-z s -o 1 . 1.2
UJII0-T -40. 27 S I

7u-- 27 . *.--- l ý;x 3.5

XNA I I.T& -- 40 0 5 3 I '
--11 6 9 2 0.23-43

ONM12-TS 6 - 190( 32 4.5 4.15--,75

1) Alloy and temper; 2) temperature (CC); 3) (kg/mm 2); 4) kgm/cm2; 5)
ML ; 6) VML.

loys remains practically the same as at

200, at 2500 it is lower by 10-15% on

the average, at 3000 it is 20-.0% lower,

at 3500 it is 35% lcwer for the VIS.2 al-

loy and 50-60% lower for the other alloys.

In terms of decreasing yield strength

"characteristics, the high-temperature
4 i cast magnesium alloys are arranged in

Fig. 1. Ultimate specific the following order: ML9, MLl0, VML2,
strengths of cast magnes-
ium and ALl9 aluminum al- VMLI, MLI4, MLlI, ML15 and ML5. The creep
loys. 1) ML 2) VM ; 3)
ALl9. limits of the alloys are practically eq-

ual to one another in tension and compre-

ssion.

The Ultimate strength of the alloys
diminishes with increase of the test ter-;•.•:-'•-..-.,,•.... '•streimngseswth ( ig3andras o). the rtiot ofm

S.. Iperature more rapidly than the yield
,,•.We"6 OCW-. 4 * strength (Fig. 3 and 4). The ratio of

Fig. 2. Yield specific yield strength to ultimate for the ML9,
strenghts of cast mag- MLIO, VML2 alloys increases with increase
nesium and ALl9 aluminum as
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alloys. 1) ML ;2) VML ;of the temperature to 250-3000 (for ex-
3) ALl9; 4) test tempera-
ture, *C. ample, for MLlO, from 0.5-0.55 to 0.8 at

250' and 0.85'at 3000), and at. 350*a

'*~~I 'Igain becomes close to the ratio which is-

____ ~characteristic for 200.%

ff7~j IUnder conditions of long-term load-
ing at elevated temperatures the magnes-

ium alloys are subject to creep. The MIA9,

- ML1O, ML11 alloys are characterized by

4 -high creep resistance at 200-25O0 (see

jS•Y S " Table 6, Fig. 7). The, VML2, VISl and ML14

alloys have the highest creep resistance

at 3000, the M~l4 alloy is best at .150%.

5 ?S~~~ *C .The proportional limit -ps g/mm2~

of some of ~the high-temperatu re cast ma-

Fig- 3.' Ultimate strength gnesium alloys are: 6.5 for M4L9-T6 at
of cast magnesium alloys
and AL19 aluminum alloy at. 200 5 at 250* and.3 at 3400*; for MlO-
room and elevat~d tempera-
tures.. 1) kg/mm ; 2) AL19; -T6 it- is 5.5 at 2000 and 5 at 2500. The
3) Ml ;4) VML; 5) test'
temperature, 'C. endurance limit (a_,, kg/mm2 ) of some of

the high-temperature cast magnesium al-

loys (on the basis of 2d0 cces) is: for ML9-T6,6 at 250% 3.5 at

3000; for MLlO-T6, 6 at 2500; for MLll-T4 at 2500, 6 and MLll-TE, 5. 5;

for VML2 at 3000, 5.

Physical properties *of the high-temperature cast magnesium alloys.

Alloy ML9: y = 1. 8; a 25.6-,lo-. (20 -1000), 27.8. 106 (20 - 200*),

30.8.106 (20 - 3000), 34.6..10- .6(20 - 4000) l/*C; p =0. 069 (2) ohm-

-MM2 /M; X=0.26 (250)., 0..27 (1000), 0.28 (2000), 0.29 (3000),. 0.29

(3500) cal/cm-sec-OC. Alloy ML10 'y.= .1.77; =25.02.106 (20 - 1000)9

2&.-07'10 6 --(20 -2000)).26' 110 (20 3000) 1/*C; p =0.069 (200)

*1 2b68
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ohm-m X 2/;A 0.26 (25*), 0.27 (1000),

I 1 10.28 (200'), 0.29 (3000) &-j1/cza-:ec-*C.

2~r Alloy ML11: y = 1.8; a =21.9*10-6 (20 -

S-1000)9 22.7-10'. (20 - 2000), 214.8'lo-

(20 - 300*) l/OC; p = 0. 059 (20*) ohm-

-m/m; x = 0.25 (250), 02 10,02

(2000), 0.27 (3000) cal/cm-sec-*C. Alloy

IM14: y = 1. 84; a 25 = 1- (20 - 1000

26.7-10 (20 - 200-), 27.6. 10- (20

q00e), 821 (20 - 400-) 1/*C;p=

____ - .066 (200) ohm-mnv'/m; X = 0.26 (250),

20 :w 230 00 ]o #W0.29 (400") cal/zm-sec-*C. Alloy VMLl:
*VS -6

Fig. 4. Yield strength off 1. 79; a =27.3'10' (20 - 100*), 28.
cast magnesium alloys and ..
AL19 aluminum alloy at room .0.106 (20 -200"), 29- 3-106 (20 - 3000
and elevate d temperatures. -
1) kg/mie; )2) ALl9; 3) ML~ ; 30. 2.10- (20 - 400") l/*C; p=0.072
4) VMLJ 5) test tempera- 2
ture. (200) ohm-rn.'n /m; X = 0. 26 (250), 0. 29

(4000) cal/cm-sec-OC. Alloy VML2: y = 1.

/ .79; a = 23.4-10-6 (20 - 100"), 27.1-10-6

Q~. (20 - 2000), 28.9-10-6 (20 - 3000), 30.
___6-1-_ (20 - 4o*) 1/0c; p=0.0726 *(20')

V. ohm-mm /m; X = 0.28 (25 -2000), 0.29

(3000) cal/cm..sec-*C.

The high-temperature cast magnesium

alloys, just as all the alloys based on

the Mg-Zr system, differ from the ML5

alloy in having higher corrosion resis-

J50tance, particularly the VML2 alloy (see

Fig. 5. Elongation of cast Corrosion of Magnesium Alloys, Piotect-
magnesium alloys at room ion of Magnesium Alloys). Details made
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and elevated tel1peratures. from the high-temperature cast magneZium
1) ML ; 2) VML ; 3) test
temperature, *C. alloys are used after anti-corrozion

treatment of the surface: application of

inorganic films and paint coatings. The

- -processing properties of the high-tem-

S,\ perature cast magnesium alloys in com-

parison with the properties of the ML5

alloy are presented in Table 9. These

4 alloys are used for the production of

Fig. 6. Stress-to-rupture large cast details. Thanks to the pre-
limits of cast magnesium
alloys (after 100 hours) sence of zirconium, which effectively

4 ) test temperature, 0C. refines the grain, they have more uniform

(in comparison with details made fromI -"J•i-- - -the ML5 alloy) mechanical properties ac-

ross various sections, close to the pro-

perties of individually cast specimens.

MAN "These alloys are less prone to the for-
4 A,---S,-- --. i mation of microporosity in castings and

Fig. 7. Creep limits of have high hermeticity. In the design of
cast magnesium alloys (aS- spruce systems account must be taken of
ter 100 hours). 1) kg/rnme;
2) VML ; 3) ML ; 4) test the high shrinkage on solidification of
temperature, OC.

the high-temperature cast magnesium al-

loys in comparison with the ML5 alloy. To prevent combustion of the me-

tal in the forms, the same protective additives as are used for the ML5

alloy (see Magnesium Alloys) are added to the molding and core mixtures

and to the paint for chill molds.

Casting of the high-temperature cast magnesium alloys is performed

at temperatures 10-200 higher than used fer the ML5 alloy. The casting

temperature varies in the range of 720-8000. All these alloys are easily
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Processing Properties and Solidification Temperature or' the Alloys

3 M.9 M 1111 M.'11 N:l14 14 1101.1 1M IA2 .1 V1

CII.NitU (C943 650 64!. 643 34$5 04

"a"81MVC 5 555 $go 50 :62 5* 6
WiINN (-C) . . 3 35 55 pil 433 " II

JIMOV*6.qn yramgm (%) 1.2-1.4 l.-.~ 1.2-1.5 1.3-1.4 f.3-1.1 1.3-1... 11.71.3
* m0f1w"rW"Tb (610
3J1NC uZU?~O~ npylma;
^AM) ;.. .. .. .. 250-270 2.50 270-29Pu - 27-V' 1.940s3100

10 Ci.4i~WnM'~1 K H~~a
UomM mptim1i 7p4uINH (nn0
IUNPUIM KOr'F1P.i 0 HAI,
DPH It."4 IIflMlL-1meCN
1WIts" v1?fuiH,'nl . 27.5 30 20-25 -25 Ei 301-35

Oma~ual AaxiM11"t

DoOAPOB8 20 e-a 1 O . 2 10 9.6 13 ID . 461

I QPHMCAYCwEA 17 INfl) 17 14

1Is1PNo-pa ~nwru (*C) 7_10-1100 7220-400 720-800 720-300 1720-400 72)4s lo-1-1100
am........ . . . . . . 8 wm~anym lonppU7 aE w b B otai.allq3013U7 II 116WA RGN.1N

20 21 ofY10 0 ' . .-) M~bi
as '.t'.S 23

___________________ ____________20

1) Properties; 2) alloys; q3) ML ; 4) VML ; 5) temperature of' be ginning
of crystallization; 6) tem-erature of' end of crystallization; 7) cry-
stallization interval; 8) linear shrinkage; 9) fluidity (in terms of'
length of cast rod .. mm); 10) tendency to formation of hot cracks (in
terms of width of ring in mm for which the first crack appears); 11)
tendency to formation of microporosity (average micro~brosity number
with hydrogen content of 20 cmJi per 100 grams); 12) low; 13) very low;
14) average; 15) hermeticity; 16) higher; 17) high;, 18) ca~sting temper-
ature; 19) ecommended forms of casting; 20) sand and chill mold; 21)
sand; 22) all forms of casting.

argon-arc welded using wire made of the basic alloy as the filler mat.-

erial. The mechanical properties of the alloys on specimens cut across

the weld seam, as a rule, are no less than 80-85% of the properties of'

the parent material. Details are heated to 3 5 0 -4 2 5 * before welding, and

are subjected to heat treatment after welding using the conditions

shown ia Table 10.

The following charges are used for the production of the alloys:

grade Mgl magnesium (GOST 804-62), metallic zinc of grade no lower than

Ts2 (GOST,3640-47), mischmetal (mixture of rare-earth metals with cer-'

ium content about 50%). ligature of' magnesium with.15-'80% neodymium (or ~
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metallic neodymium), ligature of magnesium with 10-30% thorium (or me-

tallic thorium in the form of chips), ligature of magnesium with 20-50%

zirconium obtained by smelting potassium fluozirconate (K2 ZrF6 ) with

magnesium in the presence of haloid slats of the alkali and alkaline-

-earth metals. Melting and casting, mechanical working, etching of the

magnesium-thorium alloys are performed observing special rules for Zafe-

ty engineering because of the natural radioactivity of thorium.

TABLE 10
Heat Treatment Regimes for the High-Temperature Cast Magnesium Alloys
(cast in sand and chill molds)

2 2 UAKA.1l caeam

C'anal I -r eo I . . I

I C U IRMA-pa epm- rC pII el

4 4
9 W I h

6 Milo-TO 30 41-1fl: u I. ::1-16- MJIIo-TS 5 2:6 1--I 200 "-16"MJI I1-TI * : 7 1 0-C -

Writ I-T6 570 I4- 200 t C
M.1I4-Tt - 3t5 I 'S

?,auilt-"o 570 2 1 200 1

Remarks. Casting of the alloys and cooling after aging are performed rin

air. Heating for tempering must be performed in a reducing or protpctive
atmosphere, usually sulfur dioxide (iron pyrites at a ratio of O.5-1. C
kg per m of furnace are added to the furnace charge). Details are un-
loaded onto a metal plate to increase the cooling rate.
fl Alloy and temper- 2) solution treatment; 3) aging; 4) temperature;
5 soak time (hor;) ML 7) VML.

Mold casting must be performed in a separate, specially equipped

facility. Working operaticns associated with the formation of dust, a-

erosols, gaseous decomposition products must be performed either in sep-.

arate facilities or on equipment which is covered and has local exhaust

ventilation. The ML9, MLI0, ML11 and VML2 alloys do not contain radio-

active additive and therefore, details made from them are fabricated in

conventional shops. The high-temperature cast magnesium alloys are used

for casting details of various flight vehicles which are subject to
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heating during operation. The ML1l alloy (cheapest) is used to produce

details requirin3 high hermeticity, operating at both elevated and room

temperature, for example, pump cases, fittings, etc.; damping details,

since the damping capability of the alloy is the same as that of iron

while the thermal conductivity is higher by a factor of two.

References: see Cast Magnesium Alloys.

N.M. Tikhova
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HIGH-TEMPERATURE LUBRICANTS - plastic lubricating materials uzed

to ensure normal operation of friction units at temperatures of 120-

4000.

NK-50 lubricant (GOST 5573-50), which is used principally In the

bearings of aircraft wheels, is obtained by thickening MK-22 high-vis-

cosity oil with sodium soaps of hydrogenated and nonhydrogenated fats

and contains 0.5% colloidal graphite; it is capable of prolonged oper-

ation at 120-1300 and brief operation at 15-180%. Its shortcomings in-

clude its solubility in water and its poor operational characteristics

at low temperatures.

TsIATIM-221 lubricant (GOST 9433-60), ethylpolysiloxane thickened

with a complex calcium soap, is recommended for use at temperatures of

from -60 to 1500; it can be employed for rather long periods at high

temperatures, ensuring normal operation of rolling-contact bearings

for 30-50 hr at 1800 and 10,000 rpm. The modifications of this lubri-

cant are TsIATIM-221s (VTU NP 18-58), VNIIN?-214 (VTU NP 37-59), and

VNIINP-220 (containing 3% molybdenum disulfide, VTU NP 17-58), which

are based on more heat-resistant methylphenylpolysiloxanes and are

used at temperatures of up to 180-200*.VNIINP-235 lubricant (VTU NP

78-60), which is produced by thickening methylphenylpolysiloxane with

a pigment of the indanthrene series, can be employed at temperatures

of up to 2500; it is not recommended for use in bearings operating at

high speeds. This lubricant has low evaporability, good water resist-

ance, and high mechanical stability. DNIINP-211 lubricant (TU NP 33-59),

which is produced by thickening phenylmethylpolysiloxane with graphite
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and 1% indanthrene, can be used at temperatures of up to 250*; It en-.

sures normal operation of ball bearings at speeds of up to 10-15 thous-

and rpm.

VNIINP-210 (TU 72-60) and PFT4S-4S lubricants, which are highly

concentrated pastes consisting of graphite and liquid phenylmethylpoly-

siloxanes, are intended for operation at 300-400*. The formLer contains

additions of indanthrene and molybdenum disulfide and is generally em-

ployed in low-speed or pendulum-type sliding and rolling-contact bear-

ings; it can also be used to prevent "freezing" of threaded Joints and

has a service life of up to 10 hr at its maximum temperature. VNITI1P-

225 lubricant (VTU 12-61), which consi3ts of polysyloxane thickened

with molybdenum disulfide, is employed at temperatures of from -500 to

350*. It is used principally to prevent sticking of threaded compon-

ents at high temperatures and, in some cases, to lubricate friction

units.

V.V. Sinitsyn
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HIGH-TWPEATURE TEST, mechanical - is the determination of the

mechanical properties of predominantly heat resistant alloys and non-

metallic materials at temperatures higher than the room temperature.

The most simple. high-temperature test methods are the so-called short-

time tests of specimens for static elongation at constant temperature

determin~ng the same strength and plastic properties of the material

as in static tests at room temperature (see Tensile Test). Short-time

tests are carried out, as a rule, on usual tensile-test or universal

testing machines •with constant motion of the active clamp (the IM-4R

machine designed by TsNIITMASh is mostly used for this purpose), pro-

vided with heating systems and thermocontrollers. In addition to the

static short-time tensile tests, compression, torsional, hardness and

impact-bending tests with determination of the impact strength are car-

ried out on heated specimens. For short-time tests, the specimen is

usually heated for 20-30 minutes and then destroyed within 1-3 min. The

results of strength and creep tests in which the loading and heating

times continue seconds only, for arrangements whose life is measured by

seconds or minutes acquire an especial importsnce. The determination of

the "secondary" strength and creep has obtained a wide spread. In con-

trast to tests at room temperature, the results of short-time (static)

high-temperature tests depend strongly on the deformation rate and the

total test time. This dependence is caused by the creep phenomenon

(GOST 3 248-60) observable in all structural materials and consisting in

continuous increase of the plastic deformation in tume under a constant

load and at high temiperatures; the active stress may be in this case
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considerably lower than the yield limit of the material (at the same

temperature). In practice, the creep phenomenon may cause inadmissible

large deformations or destruction of machine parts at a relatively

small load which acts for a long time, however. Creepinr and endurance

tests (see Creeping Test, Endurance Test) are widely used for the in-

vestigation of material properties at high temperatures and under long-

time acting constant loads. The creep phenomenon of materials at high

temperatures may also take effect in the relaxation of stresses, i.e.,

in a spontaneous decrease in time of stresses in machine parts which

operate at the condition of constant deformation. Stress-relaxation

tests at a given (fixed) deformation of the specimen and measurement of

the relaxation of the load (stress) in time under the action of a high

temperature are carried out to investigate the so-called relaxation

stability of materials.

The results of short-time and long-time tests at high temperatures

were found to be insufficient for the evaluation of the operating re-

liability of responsible machine parts working at high temperatures and

under a repeatedly changing load causing fatigue phenomena in the ma-

terial. In this case, the investigation of the fatigue properties of

the material at high temperatures (drawing of the endurance curves, de-

termination of the endurance limit and ascertainment of its dependence

on the test temperature) is necessary. Program tests at high tempera-

tures permit the investigation of the physicomechanical properties of

materials in unsteady loading and heating conditions, reproducing the

character of change in load and temperature in the working process of

real machine parts (gas-tuirbine blades, for example). The operating

reliability of many parts and units of modern machines depends not only

on the temperature and the load but also on the properties of the work-

ing medium (the corrosive, cavitation, and erosion effect of fluids
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and gases, for example, which are in a lasting or short contact with

the part). This caused the development of test methods under simultan-

eous action of high temperature and load in a given working medium (gas,

steam, fluid, molten metals and alloys, etc.). The mentioned methods

are used, for example, on materials which are destined for the produc-

tion of nozzles of Jet engines (erosion effect of hot gases at a high

outflow velocity), pipelines (danger of cavitation effects), etc. Cer-

tain technological trials, the test for stamping in hot state, for

example, and others, belong also to the high-temperature tests.

References: Borzdyka A.M., Metody goryachikh mechanicheskikh ispy-

taniy metallov [Methods of Hot Mechanical Tests of Metals), Moscow,

1955; Gintsburg Ya.S., Ispytaniye metallov pri povyshennykh temperatur-

akh (Testing of Metals at Elevated Temperatures], Moscow-Leningrad,

1954; Sichikov M.F., Metally v turbostroyenii [Metals in the Construc-

tion of Turbines], Moscow, 1954.

I.V. Kudryavtsev, D.M. Shur
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HIGH.T&4PERATURE WROUGHT MAGNESIUM ALLOYS are magnesium alloyz

which lose their strength slowly at high temperatures (> 2000). With

regard to degree of strength at high temperature, the wrought magnesium

alloys are arbitrarily divided into three groups: 1) the alloys suita-

ble for long time (> 100 hours) operation at temperatures to 150. This

group includes the MAl alloy of the Mg-Mn system and also the alloys

with high aluminum and zinc content - MA2, MA2-1, MA3, MA5, vm65-I and

VMD2 (see Low-Strength Wrought Magnesium Alloys, Medium-Strength Wrought

Magnesium Alloys); 2) alloys suitable for long time operation at temp-

eratures to 2000. This group includes alloys of magnesium with manganese

and small additions of mischmetal or aluminum and calcium (A8 and MA9)

and those with high mischmetal content (VMI7) (see High-Strength Wrought

Magnesium Alloys); 3) the alloys suitable for long time operation at

temperatures to 250-3500. This group includes the alloys with the rare-

earth metals-neodymium or yttrium - and the alloys with thorium (MAll,

MA13 and VMDl). The alloys of the third group have high strength at

high temperature. The MAll alloy of the Mg-Nd-Mn-Ni system has adequate-

ly high stress-rupture and creep limits at temperatures to 250* and also

has high ultimate strength to 3000. It is used for long-term operation

to 250° said for short-term operation to 3000. It is basically used for

the production of extrudings and stampings, sheet and plate may also be

rolled. The alloys MA13 and VMDI of the Mg-Th-Mn system have the high-

est creep and stress-rupture limits at temperatures of 100-_50. They

can operate at temperatures to 350° for long periods and bri fly to

400%. The primary use of the MA13 alloy is the production of sheet and
2n70o



plate, the VMDl alloy is used primarily for extruded mill products and

stampings. The chemical composition.of the high-temperature wrought mag-

nesium alloys is presented in Table 1, the'mechanical properties are

given in Tables 2-9.

TABLE 1
Chemical Composition of High-Temperature Wrought Magnesium Alloys

2 2 C.O=Pma Ouf r mnCu

r.• lp m e ~W 7,1 ,% z.. • u n - C o ~ e p m ,a lm e U pl im ew t, w e & M ee• ( %

M4 Nd 1 NI NJ At V'u . . n lpeu d
- N - N - - - - N4

MAtI ISI- 2.5- 0.1- s OcT. 0.2 0.03 0.2 0.li 0.O• 0.0:I 0.3
KA .3 4. 0 0 Xc I IU.011) W 0.M A a l 0 .4 - - - I . -- I ... 0 .2 , .o s o .o 0 0 .2 oq .s .011 0.00 0. 0 . .

B 1.2-- -- -- 2. 0.2 0.0$ 0.,05 0.. 0.15 0.02 0.0o 0.3
o.0 3.5

1) Alloy; 2) content of basic components (%); 3) impurity content, not

more than (%); 4) other impurities; 5) balance; 6) same; 7) VMDI.

TABLE 2

Typical Mechanical Properties of Mill Products at 20°

12 3 E IG" . R......

CUM* BI s noay"O.rWRITm 
-P IM I

MAlI . . npy'ro T T6 6250 8 14 28 tO 12

'Ise? Tommon T _ 42T0'. 13 2 toU.8--3.0 a^I

•U~ n:.,rpecco~nnnn uprrox9 ropn',,prw ,im -ca.. 0 2.50. 17 _26 30 5 to*
______..____c~r 11 T8 /42508 'I' I --

1) Alloy; 2) form of mill product; 3) material condition; 4) (kg/mm2 );

6) extruded rod, diameter 25 mm; 7) sheet of thickness 0.8-_.0 mm; 8)
VMDI; 9) extruded rod; 10) hot extruded; 11) sheet.
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TABLE

Mechanical Properties of HiGh-Temoerature Wrought Magnesium Alloys at
200 as a Function of the Type of Test

2 3 4_ _144flu y . int 0 ...~E .. : .. j.j. ,.

I1"- I nv. C-r'l.m 0 # a- I- , . . 1 4 / -P .

+&no "W~tt~iarne Taw 1CO 11~ 9 2 1 n,TO.ul A0431, 2 2(1.3all ul•lm~li ,e %:1l~

IIl7P

MAt H .'KCr12 TO On- - -- - - --- :2. -
M I 1W Cnes*"NueJ rop" iflren- IG -- tI I I 1 16' 9.45 1

*•Determined with cantilever bending of rotating ,;peciinen on basis
of 2.107 cycles.

1) Alloy; 2) form of mill product; 3) ýaterial condtion; 4) compres-
sion; 5) torsion; 6) shear; 7) (kgm/cm ); 8) (kg/mm); 9) Ir ptsj 10)
sr; 11) extruded rod; 12) Phicet; 13) VMD1; l4) extruded rod; 15) hot ex-
truded.

TABLE 4
Notch Sensitivity of High-Temperature Wrought Magnesium Alloys at Var-
ious Temperatures

20" -70- 2c

a -a
Cn~na I l:. 3

Lowa Tepeatre

Coc 'im~ l Wall 416 ad'

(u..Z. 2) I

!XA1r1 . . .2 Iw a.I 13 . 1

2081

1) Alloy; 2) static; 3) oscillactory; 4) VMD 1.

TA.BLE 5

Mechanical Properties of High-Temperature Wrought Mag•-.sium Alloys at
Low Temperatures

_________....

4 (a/,a.a') ( x) 4 ( am'J, (

S lN~~l . .ll--o7-----wpe•a. • -- - -- -
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2
1) Alloy; 2) form of mill product; 3)material condition; 4) (kg/mm );
5 VMDl; 6) rod; 7) hot extruded; 8) sheet.

TABLE 6
Mechanical Properties of Extruded Rods at High Temperatures*

t IMAI I Built!

pa)l 1 all

('C) (% ________)______%)_________)
(Re/am') 4 3 ( 4•/mar') %

200 3700 7 12 22' 14 - 4000 I1 t 15I 12 I -

250 3400 6 10 Is 17 0.6 33001 9 14 17 12 -
300 3$1., 5 3 1 22 0.7 36J0 I 3 1 13.5 I 13 .2
310 - - a tO 50 0.6 3200 4 . 11. 5 20 I ,12
404 - - - 7.5 55 - 2000 2.5 5. a 24

* Material condition: MAll-TE, VMDI - hot extruded
2 2

1) Temperature; 2)a pts; 3) (kgm/cm ); 4) (kg/mm ).

TABLE 7
Mechanical Properties of Sheet at Hight Temperatures*

SMAI I, MA 13

5 (%•s ~ j(~ %)

(wm~a.,M') 3 1(%e'.a) 3

200 3650 7.5 It 20 it t.5 12.5 14.5 .
250 3400 6.5 to 1s.5 Is 3W00 5 12 14 S
350 - .815 75 3t00 3.5 9 10.5 S

400 - j . 2000 3 6.5 6 IS

*Sheet thickness 0.8-3.0 mm; material conditi n: MAll-Td, MAI3-T8•
**Endurance limit at 2500 for rods is 7 kg/mm , f r sheet 5 kg/mm
***Endurance limit at 3500 for sheet is 3.5 kg/mm

1) Temperature; 2) a pts; 3) (kg/mm 2-).

TABLE 8

Stress-Rupture Limits of High-Temperature Wrought Magnesium Alloys*
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1 2 I 'i.,- .- _.I -
it 1D

MAll . 0 flpri l lo I I I

0 7 I

* lncrt -- t , - - U. J - -

*Material condition: MAll-T6, MA13-T8, VMD1 - hot extruded

1) Alloy; 2) form of mill product; 3) (Kg/mm2); 4) rods, 5) sheet; 6)
VMD1.

TABLE 9 Physical properties of the high-
Creep Limits of High-Tem- temperature krought magnesium alloys.
perature Wrought Magnesium

S Alloys* Alloy MAll: y = 1.8 g/cia3 ; a = 25.7.10"'
100 1. 1.3o- _135. (20 - 100"), 28.7.10-6 (20- 200 30.) .

" 2 1 250" (-2-01--1200
J y4,6" .MO4" 0 ,. .! ,' # O-6 (20- 300), 29.3.106 (100- 200-);

S... .. .... ." 30.l.106 (200 - 00"'), 1/0C; X = 0.26
XAI flpM.h - 1&-i.71-I

.- IN__U " 2 - (250), 0.27 (1000), 0.28 (1000), 0.28
XA"3 !'-M'CT5 I's (4oo0) cal/cm-sec-°C; p = 0.0621 ohm-m

%watynr 1 L~ 4.~. -7IX 2.1S
S - -/m. Alloy MA13: Y = 1.78 g/cm3 ; a = 25.6"

*Material condition: .10"6 (20- 100"), 26.6.10-6
MAIl-T6, MAl3-T8, 0(20 - 200),

VMD1 - hot extruded 27.7.10-6 (20 - 3000), 28.7.10-6 ( 20 -
.1) Alloy; 2) form ff mill
product 3) (kg/nrmm); 4) 4000), 27.7.106 ( 100 - 200'), 29.8.10-6
rods; 5) sh~eet; 6) V701.6

(200 - 3000), 31.6.10-6 (300 - 400*),

32.3.106 (400 - 5000) 1/0C; X = 0.29 (250), 0.30 (1000), 0.31 (2000)

0.32 (4500) cal/cm-sec- 0 C; p = 0.061 ohm-mm ) /; c = 0.25 (1000), 0.26

(2000), 0.28 (3000), 0.29 (4000) cal/g-0 C. Alloy VMDl: y = 1.81 g/cm3;

a = 26.9.10-6 (20- 100), 27.9.10-6 (20 - 2000), 28.9.10-6 (20 - 3000)

30.2.10-6 ( 20 - 400), 30.6.10"6 ( 20 - 5000) 1/0C; X = 0.295 (25),

0.q0 (1000), 0.31 (300), 0.33 (4oo0) cal/cm-sec-°C; c 0.25-(100o),

0.26 (2000), 0.275 (30 0 0), 0.29 (4o00), 0.30 (4500) cal/g-*C; p = 0.0582
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Alloys MA13 and VMDl have satisfactory (same as the VIA8 alloy)

corrosion resistance and the MAll alloy has somewhat low corrosion re-

sistance. None of the high-temperature wrought magnesium alloys are sub-

Ject to stress corrosion cracking. Protection from corrosion is provid-,

ed by paint/lacquer coatings applied over the oxidized surface (see

Corrosion of the Magnesium Alloys). For long-term storage, parts are

protected by the lrvinylpercho enamels, and for operation at high tem-

peratures they are protected by the siloxane enamels.

The VMD1 alloy is not. strengthened by heat treatment and can be

used in the hot-deformed or annealed condition. In order to improve

creep resistance the MAll and MAlIj alloys are subjected to heat treat-

ment: the MAll alloy is solution treated and artificially aged (T6 con-

dition), and the MAl3 alloy is subjected to sclution treatment, inter-
mediate cold rolling and! artificial aging (T8 condition). The thermal

regimes for casting, pre sure working and heat treatment of the high-

temperature wrougth magnE sium alloys are presented in Table 10.

TABLE 10
Thermal Regimes for Working the High-Temperature Wrought Magnesium Al-
loys

2 3 O0paftojca

41te U M 4 Oigr $ 3aUisa S Crpewme

Came -Tn-a sem"
?CMEI.P.S (C "~ IU N tewn-pa sps (t ivupa.. .. IV (qaca) 8 ('C) 1(qa 5 7 (1 . =

MAtI 710-730 350-480 1S0 I 480-500 4 I 2A
MA 3 1710--730 J100-480 400 55I 0-570 I 1 200 i

O B MU I t 7 1 0 - 7 3 0 3 8 0 - 48 0 4 0 0 1 - ...

1 1) Alloy; 2) casting; 3) pressure working; 4) anneal; 5) solution treat-
ment; 6) aging; 7) tempe ature; 8) time (hours); 9) VDJI.

The processing plasticity of the MAll alloy for extrusion and

stamping-forging on presses in the temperature range 425-480° 4s satis-

factory, but the plastici~ty Is low for rolling. The permissible degree
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of deformation per heat in stamping-forging is 50-60%. Sheet stamping

can be performed at temperatures of 350-400. The limiting coefficient

for the first draw is 2, the minimal permissible bend radius is 3z (S

is the material thickness). The processing plasticity of the VMDl alloy

for extrusion and forging-stamping in the temperature interval 380-480@

is satisfactory. The MA13 alloy has the highest processing plasticity

in all forms of pressure working. Sheet stamping of the MA13 alloy is

performed at temperatures of 300-4000. For sheets 1.6 mni thick the per-

missible bend radius is: (5.5 - 6)S at a temperature of 200, (3.5 - 4)S

at 3000, (2.5 - 3)S at 3700, 1.2S at 425, wnere S is the material

thickness. The limiting coefficient of the first draw is 3 - 3.2. Ex-

truded mill products made from the MAll alloy are welded satisfactorily

using argon-arc welding with wall thickness to 5 mm. Argon-arc welding

of sheet is difficult in view of the high tendency of the alloy to for-

mation of cracks during welding of thin sections. Resistance welding

causes no difficulty. The MA13 and VMD1 alloys are satisfactorily argon-

arc welded. When welding using a filler of the parent material the str-

ength of the weld Joints at room temperature is 70% of the strength of

the parent material for the MA13 alloy and 60% for the VMD1 alloy, and

at elevated temperatures (_00-4000) the strengths arm 80-_0% of that of

the parent material. When using as the filler material an alloy with

2.7% Zn, 0,7% Zr and 3.8% Th, the strength of the weld Joints is increa-

sed at room temperature, amounting to 90% of the strength of the parent

material, but at higher temperatures the percentage will be lower. The

strength of weld Joints of the MA13 alloy at room temperature without

removal of the weld bead is on the average 70% of the strength of the

parent material, for the VMD1 alloy this figure is 60%. The strength of

the weld spot for sheet of the alloy MAll as a function of temperature

is shown in Table 11.
2fRq
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Mechanical rropert~e.5 of
Weld Jeints for Zpo* Weld- ra oti hru.I; t.r
ing of MAIl Alloy ~Sheetteroralfrz wrn'mz

______ 211oI s 4VI performed In accordance w~th n..' ,'

ma -ar gulations. For appliL~atlcn. of the hig
I ~ temperature wrought magnesium alloys

#v t SOMagnesiuLm Alloys. Wrought Magnesiumn A

1)¶..tTemperature; 2) loys..
shear failure load P (kg);
3)tensile failure load P References: see article on Wroug]

Magnesium Alloys.
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HOMOGlMIZATION OF STEEL - diffusion anrnealing to Improve the macr

structure and equalize the liquation inhomogeneity of st.!el which was

produced upon solidification of the ingot or cast comprnent. Homogeniz

tion of steel consists in heating to a high temperature (1000-12500)

and prolonged holding (10-40 hours) which is needed for diffuzion

equalization of the chemical composition. Shaped steel can also be hom

genized. Homogenization improves the plasticity and ductility of steel

and in shaped steel it improves the impact ductility, primarily across

"the fiber diructicn. It was established that homcgenization of ingots

(at 1200-12700 for 2 hours) results in reducing the tendency of alloyec

structural steels to the formation of welding cracks. Homogenization

of finished semifinished products results in an excess increase in the

grain size. To remove this disadvantage, homogenization of steel should

be followed by normalization of steel or annealing of steel. After ho-

mogenization of ingots or rolled blaniks which are subsequently subject-

ed to hot shaping, heat treatment should not be used to reduce the

grain size, since the grain size will be reduced by the hot shaping. In

certain cases homogenization of steel is performed to facilitate hot

sh.aping (primarily the snaping of stainless and heat resistant steel).

Due to the high cost of homogenization, it is only used for high-qualit,

alloyed steel utilized for particularly critical components.

Ya.M. PotakI
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HOMOLOGOUS (corresponding) TENPERATURE - ratio of a given tempe

ature expressed in degrees Kelvin to the melting temperature of the

material expressed in the same degrees. It is expressed in percent oi

in dimen•ionless units. The homologous temperature evaluates the degir

tI~ l -" -, " --. . .l

S4;

Diagram showing the interrelationship between homologrt,ý_ temperature:.
in percent or in relative units (along the vertical axis), degrees cr,
the 100 degree centigrade --,ale (upper horizontal scale) and absolute
temperatures (lower horizontal scale) for metals with different melt-
ing temperatures. 1) Homologous temperature, %; 2) temperature on the
100 degree scale, 0C; 3) absolute temperature, *K; 4).B.

of nearness of the given temperature state of a material to the melt-

ing pcint. Many quantitative laws can be discovered only when they are

expressed in terms of the homologous temperature. For example, accord-

ing to the rule due to A.A. Bochvar, the recrystallization of metals

takes place at a constant homologous temperature (0.35). The study and

comparison of quantitative laws governing the effect of temperature on

the properties of metals with sharply differing melting temperatures is

facilitated by the use of the homologous temperature. Thus, comparing

at 200 the properties of, for example, lead and iron, these metals are

studied at different physical states: lead at 200 is quite close to

its melting temperature (its homologous temperature is then about 50%),

while the homologous temperature of iron at 200 is only 16.5%. The
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lead is thus in the region of hot anl the iron 1r; t, e rorl1,n rf cr,!Al

deformation. It is more correct to compare the propertie:- rf these

metals at equal homologous temperatures, for example, at , which

corresponds to 20 for lead and 630o for iron (figure).

YaP.. Fridman
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HOSE FABRIC -comimercial unfin-lshed fabricz- which are used in th

production of rubber ho~se; ensure strength and retention of dimension

under pressure. Hoses are made from hose fabr-ics which are produced o

ordinary looms and from. sheathirg made on seamless-weave looms. Rubbe

ized hose fabrics should have the warp and weft of the same strength

and with similar elongations.

Hose fabrics are made from trnfttcn, rlax, asbestos and chemical

fibers; hose fabrics from glass fiijer and Khlorin are used for hoses

which carry aggressive fluids. The physic ome chanical1 indicators of vai

ious hose fabrics are given in Tables 1-4.

TABLE 1

Physic ore chanical Indicators of Cotton Fabrics for
Hoses

1 2 ~Yzeu3 "~ XOW 200~ 
a- )8"w"ia)Iammwosuaame Dec, 1 01 (W e Mn 4 J"1"

woe" re~ OCua0iaJ 7m" 0"096I 7?O 7

Aw"Doesc 10 500 ±30 160 J90 20 6 266 32& 3 16t±: 1r.23±0.05 1) 1 1
1~ NýPzo01rq 710135 210 233 37,13 3 " A3 34 t. 1512 i .31U,13 5 gj61. loll

lll,,:m 21±12 60 70 37j2 2t, 2 2 4 t.1 12± * 1 1.71t0,03 1017
12PVpama 2 350+23 1 140 212,3 12;3 264±3 f4± 1 ±0.q~05 107. 146

Pyae~ . 2±0 135 175 1214 12A 2.±3 1%t3 , l.2 . '1 153'. 1,23 4 -Dw Pua 2 30' 102 57 37 17,4 17"4 12*' 24 .±1 10

1) Fabric designation; 2) weight of 1 m 2 (g);3 rupture load of a
50 x 200 mmn fabric strip (kg, not less than)* 4) yarn number; 5) elon-
gation at break (%); 6) fabric thickness (rm5); 7) fabric width (cm)
8) warp; 9) weft; 10) automobile pneumatic; 11) pneumatic cord; 12)
hose R; 13) breaker.
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TABLE 2
Physicomechanical Indicators of Flax Fabrics for Air-
craft Rubber Canvass Hose

N i~r, Iw~p 'o ovmU I W W C * in 'aN U . A p ~w . ll* Il p u ,i i - - ir m n u+in eo

0". R3 , 3 • 4 •

amA *pg*U .. 356 t06'.l.S lSO~It 1 II tl 0l-- 80--tb

1) Fabric designation; 2) type; ) abric width (cm); 4) weight of 1
m= of fabric (g); 5) yarn No.; 6) tensile strength of a 50 x 200 mm
strip (kg); 7) weave typc; 8) warp; 9) Weft; 10) boiled yarn linen;
11) plain; 12) scoured yarn linen.

TABLE 3

Physicomechanical Indica-
tors of Glass Fabrics Used
in Making of Hoses

2? 3 *1! '~i". :5 6
t o 5

r ;' (mA1"

T, 0.27 285*15 IO 105 r"Pu. 600O
"?7p030 700+I

T, 0.27 235.*lS 160 05 9 . Sajo. 900:
, 1000"

I 1100;
1170*15

1 Brand; 2) fabric thickness (mm); 3) weight of 1 m 2 of fabric (g);
t•ensilze st.ren th of a 25 x 100• =n strip (kg• not less than); 5•nd of weave; 6) fabric w cth (mm); 7) warp; A) weft; 9) card weave.

TABLE 4
Physicomechanical Indicators of Type 2088 Khlorin
Hose Fabrics

42 3 DiC13' y Bo6i Rpm" Toamme Bw a" 1iOx12O80i(,.m D UZ',, Iu (a)in N m-em ,uu

- -o ,o.og 7 1 *vo "

105*2 ,0,2 2012 0.,5*0.2 350*30 60*, ' 13 i,
1) Fabric width; 2) yarn No.; 3) thickness (mm); 4) weight of 1 m 2 (g);
5) tensile strength of a 50 x 200 mm strip kg, not less than); 6) kind
of weave; 7) warp; 8) weft; 9) serge.
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For lin;, (up m' 7 m) hose with a 1iar.tcr of 25-122 Mrn and a

hi4-ý axial load (up to 2t$ tcn-.) the wcv-ncapron or anide 2heathir-4 iz

loomed directly onto the rubter inner tu:,e.

To remove static electricity which is generated durinr the hose

operation several strands of ý4, 6/3 cord thread, in th• zheatinr•/•/o ~ /6/ +or 1he~ n otppzertn,

warp are replaced by several threach. of the 3U, 56/2 + 1 copper

strands (Table 5).

TABLE 5
Physicome chanical Indicators
of Cord Ropes from Polyamide
Fibers

CrpryMpn W~ype 3
1 2

.14.5 1 *.. . 1.90.1O~ I$) u,6 20

Sm '[I I .9±,0. I •I$ isI
.14.5 fI c2. .+I

ndm cremta .. 1 .3* I 3 I

1) Rope structure; 2) thickness. (rm.m); 3) tensile strenrth (kg); 4)
elongation for the given strength (s); 5) copper strand.

All the -utton hose fabrics are made by plain weave.

Breaker fabric has a moderate density, due to which, when it is

processed, the rubber penetrates freely cells which are formed by mutu-

ally perpendicular threads of the fiber, this interlinking, the rubber

layers. Breaker fabric imparts to the hose a high transverse stiffness

and is used extensively in making boring, steam pipeline and certain

other kinds of rubberized hoses. In assemblying tke hoses the rubber-

ized breaker fabric is placed either between the inner tube and the

first lining or inside the layer of the external rubber sheathing of

the hose.

Sheathing for fire' hoses from cotton, flax and chemical fiber yarn

are made on seamless weave looms (TKP-125) as well as on standard

plane looms.
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HOT HARDNESS - hardness which is determined at elevated tempera-

tures by the identation method. Hardnes5 at temperatures up to 5000 is

-measured by using ordinary st.el balls, while at higher temperatures

" (up to 930*) use is made of Pobedit balls-which are subjected to spe-

cial casehardening. The hardness which is determined at elevated temper-

atures by short duration (of the order of 30 seconds) indenting and the

ultimate strength at the same temperatures are related, and the ct rac-

Ster of their changes as a function of the chemical composition, pro-

cessing regimes, etc., is similar. The creep hardness method suggested

by A. Bochvar gives a comparative estimate of the heat rezsstance of

various materials, primarily light-alloys. The creep hardness is usual-

ly determined after indenting for an hour, when, as is shown by exper-

ience, the rate of hardness reduction becomes practically constant.

Numerous experiments have confirmed the fact that a satisfactory rela-

tionship exists between the creep hardness and creep strength charac-

teristics.

'References: Bochvar, A.A., "IAN SSSR OTN," No. 10, page 1369,

1947; Ob ispytanii na dlitel'nuyu tverd.-Ost' [On Creep Hardness Test-

ing], "ZL," Vol. 16, No. 1, page t8, 1950l; Mirkin, I.L., and Livshits,

D.E., ibid, Vol. 15, No. 9,. page 1080, 1949.

N.V. Kadobnova

294,n



II-19k

HOT SHORTNESS OF STEEL is steel brittleness which appears at a

relatively high temperature in the process of for-'ing, hot rolling an4

other fcrms of plast1c dCformation. The brittle fractures associated

with hot shortness of steel are explained either by the weakening of

the grain boundaries with increase of the temperature or by the pres-

ence in the steel of a quite large quantity of a second phase which

differs markedly in resistance to plastic deformation from the basic

structure. In the carbon and alloyed constructional steel, the hot

shortness is primarily due to the high sulfur content or high content

of other low-melting impurities (copper and lead, for example). in the

alloyed stainlebs steel with high chromium content, hot shortness is

indicated by the appearance of the delta-ferrite structure at the de-

formation temperature. Reduction of the hot shortness along with the

elimination of its causes can be achieved in many cases by lowering thi

hot deformation temperature.

For technically pure iron the hot shortness temperature is in the

850-11500 ranCe, therefore hot deformation should be initiated at 8500

or carried out at 1250-13000, interrupting the working as the iron

cools through the 850-11500 range. The dptrimental effect of sulfur cn

the hot shortness of steel is explained by the formation of low-melting

eutectics. To reduce the effect of sulfur, manganese is introduced into

the composition of the perlitic steel, and molybdenum into the composi-

tion of the austenitic steel. Also effective are aluminum, titanium,

zirconium, calcium, magnesium and the rare elements which aid in the

formation of hiM6-melting sulfides which are arranged in the steel



XI'..9k1

~ Istructure In, the form o~f chains or Individual inclusions. We must kee

in m~ind that the low-melting sulfides, as a rule, are arranged along

the grain beundaries, thus causing hot shortness of the zteel.

References: Mes'kin V.S., Osnovy legirovaniya stall [Fundamental

of Steel Alloying), M., 1959.

Ya.14. Pot
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JHUGENBERGER'S TENSOMETER - is a lever device for the measureme

of linear deformations of specimens and constructions. Hugenberger'.

tonsometer (Fig.) is pressed with the two knife edges against the si

face of the specimen by means of a screw cramp. The one knife edge

immobile, the other, due to the deformation moves around the axis b)

Diagram of Hugenberger's tensometer.

means of a hinge-Joint; 6he deviation of the arrow on the scale permi

one to Judge the magnitude of the deformation. The distance between t

knife edges (the basis of the device) is usually equal to 20 mm, cer-

tain models are made with distances from 10 to 1000 mm. The magnifica

tion factor of the device is about 1000.

References: Avdeyev, B.A., Tekhnika opredeleniya mekhanicheskikh

svoystv materialov [The Techniques for the Determination of Mechanica:

Properties of Materials], 3rd Edition, Moscow, 1958.

N.V. Kadobnoi
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HYDROBIOTITE - see Vermiculite.
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HYDROGEN E!BRITTLEM4ET OF STEM - brittleness which appears as a

result saturation of steel by hydrogen. It occurs most frequently on

electroplating or etching of steel, can also appear when steel is hel

at a high temperature and pressure in a gaseous hydrogen medium. In t

process of electroplating the positively charged hydrogen ions are ad

sorbed on the component; the largest part of the hydrogen escapes to

the atmosphere, while a certain part of it diffuses into the metal,

giving rise the hydrogen embrittlement. Two hypotheses exist which in.

terpret the hydrogen embrittlement of steel. According to the first,

hydrogen embrittlement of steel is a result of penetration of atomic

hydrogen into individual voids, pores or other defects of the crystal

lattice and its transformation into a molecular gas which creates a

tremendous pressure. According to the second hypothenis hydrogen em-

brittlement of steel is due to adsorption of atomic hydrogen at sur-

faces of the component and internal voids, pores and other metal dis-

continuities, with the result that the surface energy of the steel de-

creases, which reduces its resistance to embrittlement failure. Hydro-

gen embrittlement of steel demonstrates itself in reducing its plasti-

city and when extensively developed it is demonstrated in loss of

strength; the hardness and physical properties practically do not

change here. In many cases hydrogen embrittlement of steel results, un

der repeated loading, in reducing the number of loading cycles which

the steel can withstand before failure, in certain cases the endurance

limit is reduced, the strength of high-carbon hardened steel is de-

creased. Hydrogen embrittlement of steel usually demonstrates itself
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most fully at room temperature and at a relatively low rate of load ap-

plication. Under a hiGher rate ol loading (impact loads) or at very low

temperatures (-183* and lower) hydrogen embrittlemunt of ztecl demon-

strates itself only in the case of extensive hydrogenation, and also in

retarded failure of steel components (for example, bolts). In thiz caze

failure ensues some time after the application of a constant static

load which is considerably smaller than the ultimate strength. Hydrogen

embrittlement of steel is most dangerous for components with sharp

notches, small radii of cross-sectional transition, and other stre~z

raisers and also for vessels operating under a high internal pressure.

The sensitivity of steel to hydrogen embrittlement increases as Lhe ul-

timate strength increases. In order to avoid the harmful effects of

hydrogen embrittlement it is not recommended to subject high-strength

ab 2 130-140 kg/mm2 ) and highly hard steel to any electroplating with

the exception of chrome plating (see High-strength Structural Steel).

Different metallurgical heats of the same steel brand have different

hydrogen embrittlement sensitivities. Most appreciable hydrogen embrit-

tlement of steel arises on cyanide zinc galvanization, it is less sig-

nificant in acidic galvanization, copper and cadmium plating. To reduce

hydrogen embrittlement of steel after electroplating the components are

heated at 180-2000 for two hours and in certain cases for 24 hours.

Electroplating interferes to a substantial extent with dehydrogenation.

Hydrogen removal is most substantially retarded by the zinc and to a

lesser extent by the cadmium layer. For components with an ultimate

limit less than 130 kg/mm2 dehydrogenation eliminates the hydrogen em-

brittlement and restores, as a rule, the initial mechanical properties;

high-strength steel in certain cases does not recover fully its mechan-

ical properties even after dehydrogenation. Cracks which are not elimi-

nated by subsequent dehydrogenation can form in the process of electro-

2100



1-34v2

plating of components with stresses (internal or due to an external

load). Sometimes these cracks arise in electroplating of components

which have impressions, dents and other local defects, which are made

in the steel in the hardened state. Formation of cracks attendant to

electroplating of highly-hardened wire as a result of the action of h;

drogen on the stressed steel is also observed. Hydrogen embrittlement

appears on both low-alloy and high-alloy heat-hardened perlitic and

martenistic steels, including stainless steels. Austenitic steel is al

most uneffected by hydrogen embrittlement, which is due to a certain

extent to the weak diffusion of hydrogen through the austeritic struc-

ture. Substantial hydrogen embrittlement, which is called hydrogen cor

rosion arises in carbon and alloyed steel when they are held at temper.

atures above 300-2400 in a hydrogen'atmosphere under pressures of the

order of hundreds of atmospheres; hydrogen embrittlement of steel was

discovered at room temperature when the hydrogen pressure was 9000 at-

mospheres, Hydrogen corrosion is produced by the penetration of atomic

hydrogcn to the grain boundaries, decomposition of carbides and decar-

bonization. Steels containing a substantial quantity of chrome, molyb-

denum, tungsten and other elements which form stable carbides resist

this kind of hydrogen embrittlement.

References: MeE'kin, V.S., Osnovy legirovaniya stali [Fundamentals

of Steel Alloying], Moscow, 1959; Potak, YaM., Khrupkiye razrucheniya

stali i stal'nykh detaley (Brittle Failure of Steel and Steel Com-

ponents), Moscow, 1959; Moroz, L.S. and Mingin, T.E., 0 mekhanizme vodor-

odnoi khrupkosti stali [Concerning the Mechanism of Hydrogen Enbrittle-

ment of Steel], in the book: Metallovedeniye [Metal Science], collec-

tion 3, [Leningrad], 1959.

Ya.M. Potak
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HYDROGEN EMBRITTLEITENT OF TITANIUM ALLOYS - reduction in rupture

strength and plasticity of material subjected to mechanical effects a:

a result of the precipitation of the titanium hydride or microsegrreeu-

tion of hydrogen in defective spots of the crystal lattice. In titanium

and its alloys it is possible to have two kinds of hydrogen embrittle-

ment, the character of manifestation of which is determined by the de-

formation rate. Both kinds are peculiar of both a- and (a + a) titanium

alloys. Depending on specific conditions, one or the other variety of

brittleness can predominate.

Hydrogen embrittlement of titanium alloys of the Ist kind arises

! in the case when the hydrogen content is higher than the limiting solu-

bility and the metal's structure contains par-ticles of titanitn, hydride.

These particles can be regarded as notches of a kind which produce

local stress concentrations and softening f titanium alloys. The harm..-

ful effect of the hydrides is amplified by the local tensile stresses

'in the close-lying section of the metal wh ch are produced attendant to

the precipitation of the former due to the large specific volume of the

hydridic phase. The most probable point of rinitiation and development

of cracks is the interface between the titanium hydride particles and

the metallic base. This is attested to by the color difference in the

surface of failure which is light in the a. sence and dark in the pres-

ence of titanium hydrides in the structure All the factors which in-

terfere with shaping (reduction in tempera1,ure, increasing the rate of

shaping deformation, notching) amplify hydztogen embrittlement of titan-

i-um alloys of the 1st kind.

2102



I-35v1

Hydrogen embrittlement of titanium alloys of the 2nd kind ariset

when the hydrogen content is below the limiting solubility; here the

quantity of hydrogen which brings it about is the smaller, the slowei

the shaping deformation or the longer the metal is held in the stresz

state. The causes and the mochanirm of hydrogen embrittlement of tita

ium alloys of the 2nd kind are not as yet entirely clear, but it can

claimed that they are bAsed on diffusion processes, which produce a

substantial microqegredation of hydrogen at specific spots of the cry

stalline structure, which is accompanied by an increase in brittlenesi

All Lhb: f•h zli promote the diffusion of hydrogen (raiki. of tA

temperature within known limits, distortion of the crystal lattice,

plastic deformation, etc. ) amplify the embrittlement of the metal. De.

formation aging, formation of the so-called Cottrell atmospheres and

absorption hypotheses have been put forward as an explanation of the

mechanism of hydrogen embrittlement of titanium alloys of the 2nd kind

According to the deformation aging hypothesis, when a material is held

in a stressed state or is deformed at a sufficiently low rate (such as

provides sufficient time for diffusion of hydrogen which is needed for

the formation of titanium hydride) very fine hydridic precipitate&,

which produce embrittlement, are formed in the structure. The formatiox

of Cottrell atmospheres results in embrittlement as a result of in-

creasing the resistance to the displacement of dislocations. In accord.

ance with the last hypothesis, a layer of hydrogen atoms, being ad-

sorbed at the surface of the defective spots in the crystalline struc-

ture, reduces the magnitude of the surface energy and thus promotes the

opening and enlargement of cracks.

Hydrogen absorption by titanium alloys can take place both at a

high temperature (at any stage of fabrication and processing) and also

at room temperature (during etching, corrosion, chemical and electric
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treatment). Hydrogen can be absorbed also attendanit to the uze of ti-

tanium products, particularly when subjected to aggressive media, high

temperatures and pressures.

Titanium is a good absorber of hydrogen starting with room tempera-

tvre. As the hydrogen pressure increases, the quantity of atoms which

are adsorbed increases. Titanium belongs to a group of metals which

actively absorb large amounts of hydrogen. One gram of titanium can ab-

sorb up to 0.4 liters of hydrogen. As the temperature is increased, the

quantity of hydrogen which is occluded is reduced. The rate of hydrogen

absorption by titanium increases as the temperature and the partial

pressure of hydrogen are increascd. It also depends on the chemical

S1 composition and microstructure of the alloys

, -and is highly reduced at the surface of an oxi-

dized layer. The limiting solubility of hydro-

gen in a-titanium is substantially lower than

S"in P-titanium (Fig. 1). As the temperature is

"V W." a raised to 3000 the limiting solubility of hy-
Fig. 1. Consti-
tutional diagram drogen in the a phase of titanium increases.
of the Ti-H system.
i) N,% by weight; Alloying of titanium is accompanied by changes

2tmperature, *C;
H., atomic %. in the limiting solubility. If the hydrogen

content is higher than the limiting content,

then in the a-phase at temperatures below 3000 a titanium hydride (y-

phase) is precipitated, the latter having a face-centered cubic lattice

with a period which varies from 4.395 to 4.450 A as the quantity of hy-

drogen in the homogeneous region of the 'y phase is increased from 48

atomic %, to the limiting amount of 63.3 atomic %. The density of the

titanium hydride (3.84 g/cm3 ) is by 15% lower than the density of pure

titanium. Depending on the specific conditions, hydridic precipitations

may situate themselves along the planes of slip or twinning, the inter-
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faces of the a and 13 phases, along the boundaries of grains (Fig. 2a

and b).

Vl

Fig. 2. Character of the precipitation of the hydridic phase of titani-
um. a) Titanium alloyed with 3% of Fe (slow cooling from 7000 after
thermal diffusion saturation with hydrogen up to 0.03%); b) titanium
alloyed with 5% Fe (hardening from 7000, aging at 3O0 for _13 hours,

c?'~ : iicat~iiLacor 400.

The hydrogen has no significant effect on ihanges in the parameters

of the crystal lattice, electric resistance and magnetic properties of

titanium. Up to a known "critical" level (Talbe 1)which depends on the

test conditions, chemical composition and structure of the alloy, hydro-

gen has no substantial effect even on the mechanical properties. Above

TABLE 1

Highest Hydrogen Content.
(at Which it Practically
Does Not Effect the Pro-
perties) in Titanium and
its Alloys Under Differ-
ent Test Conditions

1 u'P 3 If" r.,,•o~.i,,

,1 1 *:0* j . 1 .20-

____________lq II. (%

T . . . . 0.003 0.03t) 0.01% 0.030ItTI-: . ... o.0o5o - - o
TIAI3. ... nI,# to.l' .,30 0. 0 0| 0

0.1T1 u."031 4). U Zt q. 00
J'Tb. .... 0 .o3 0~0' . 0?" .00
TIAI3 Sn il 0. 413a0 (.113 0.020 0.006
T IA 14 U S u2 0.1 #4V. a 030 - 4.003

OTO 0.0110 0.441) *.OtO 9,00S
PIT4. WI14i . - - - 0,010T0 . . . ... . - - . 0.001

1) Alloy; 2) test conditions;
3) impact; 4) elongation at
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I-35v4 the rate of 1 mm/min; 5)

prolonged flexure; 6)from;
7) to; 8) H2 content, %.

this level, as the hydrogen content in increased, a lowuring of mu(Ichan-

ical properties (S,, 1, *, aH) is observed up to transition of th,' mu-

tal to the brittle state. When titanium hydride is preiunt in the ztr:u -

ture (hydrogen embrittlement of the titanium alloys of the 1st kind)

the hydrogen has the strongest effect on impact ductility (Fig. 3). In

the absence of hydridic precipitations (hydrogen embrittlement of ti-

tanium alloys of the 2nd kind) the effect of hydrogen is most clearly

manifested in changes . plasticity when testing at a slow rate and in

the metal's resistance 4, retarded failure. The character of plasticity

change is shown schematically in Fig. 4., in which is seen that, as the

j hydrogen content is increased in a known temperature region (from -1000

to +1000) the drop in plasticity Is amplified (curves 1, 2, 3 and 4 in

Fig. 4). Curves of changes in plasticity in the presence of the hydri-

dic phase in the metal (curves 5, 6, 7, and 8 in Fig. 4) are shown for

comparison; in the latter case, the higher the hydrogen content, the

higher the critical embrittlement. The rupture strength of titani=m al-

loys creep strength, resistance to the formation of cold cracks, etc.)

decreases substantially if their hydrogen content is increased above

the critical value. Hydrogen in amounts of up to 0.1% and more does not

produce substantial changes in the hardness, ultimate strength (attend-

ant to plastic failure) and the yield point of titanium alloys (Table 2).-

Titanium alloys with below-critical hydrogen content can be ob-

tained by production process operations which ensure minimum hydrogena-

tion of material in its fabrication and processing, and by strict con-

trol of the execution of these operations. In those cases when the hy-

dorgen content of the metal exceeds the allowable percentage use must

be made of vacuum annealing. Degassing annealing is more expedient for
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scl."inished products and component blanks. Here the oxide layer muzrt

be removed from their surface. The annealing regime is as fol s

4
1  

1 a
"i -- T --T -- T- T -

Lv no 01 04 o05-- QZ 00 4 0 i-i

•# -b .---- - -_ ,__ P 3-.--. ¶. I.9L'p 4 pf

.~ ~ ~ ~~~~~~~.. . 1. ..haigto7080 odn o 4-2 ortevcu o esta

J _ -

l~jr mm o --H--,- coln in th ---e vacuu, Fo morecoplt rmoalo

Fig. 3. Change in the impact ductility of titanium alloys at 20t as a
function of the hydrogen content. A) aH, ktm/cm2 .

heating to 700-8000, holding for 4-2 hours, the vacuum not less than

II # ....

Fig. 4. Effect of the hydrogen content and test temperature on the

plasticity of titanium alloys. The dashed line shows the plasticity
level of a metal which contains less than 0.002% of H2; the numbers de-
note curves which characterize the change in the plasticity of the met-
al at a higher, arbitrarily specified hydrogen content 6 which incraases
gradually from 1 to 8. A) Plasticity; 2) temperature, &C.

hours, and the vacuum should be increased to 1.10 -1.10- mm of Hg,

The degassing rate depends on many factors and, primarily, on the temr-

perature, degree of vacuum, the hydrogen content of the metal, state of

the surface of specimens, chemical composition, etc. Degassing is high-

ly retarded at temperatures below 650* and also in the presence of an

oxide layer or surface coatings. The following methods of analysis are
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Used to determine the hydrogen content of titanitum alloyz: meltinr, un

der a vacuum, heating under a vacuum, spectral, spe-tral-izotopic and

gravimet tic.

TABLE Z

Effect of Hydrogen on the Mechanical Propertiez of Ti-
tanium Alloys at 200

CAM S 0.0 2, i ,0, 0 1 ,' S, i 0., i, 0 2i 0 1 iA)0 ' 1 :q 6I"

(3v.. . 1 t *2 (..*' ) i,. (S Am'tL O " 9 sk' -.

PT*. . l1, 1 p, ,, , ,3 1 2 e ? I aa I , , 15P '!.
T A -q I . 102 i I; 1 38 44 4S1!1 .fi14 *Ii 1.• 311 Jtl IL '2 t,) •*Ito 1O 4It2 II s 2 A'3 04 -4 1i 7$ 14 7j~

i:~ i tor pg 16 P ~ 27

1) Alloy; 2) hydrogen content, %; 3) (kg/mm2 ).

References: MacQuillen, A.D. and MacQuillen, M.K., Titanium, tran

lated from English, Moscow, 1958; Galaktionova, N.A., Vodorod v metal-

lakh [Hydrogen in Metals], Moscow, 1959; Titan I yego splavy (Titanium

and its lloysd, Vol. 1, edited by L.S. Moroz, Leningrad, 1960; Livano

V.A., Buk.•nova, A.A. and Kolachev, B.A., Vodorod v titane [Hydrogen i:

Titanium], Moscow, 1962.

B.S. Krylov, M.A. Nikanoro"
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-YDRONALIUI an obsolete name (in Germany) of a% aluminu.i..mmr
lu= alloy (see Mamnaliull) and of an aluminur.-zinc alloy (see HIh-
Strength Alwminwm Shaping Alloys).

References: Fridlyander, I.N., Vysokoprochnyye deformiruyemyye
alywrinyevyye splavy [Hlgh-Strength Aluminu= Shaping Alloys]. Moscow

1960.

0.S. Bochvar, K. S. Pokhoda.
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HYDROPHILY OF FIBORS - the ability of fibers to abzorb water. Iy
drophily of fibers affects the chemical, physical and mechanical prop
ties of fibers, for example, when the moisture content of cellulose
hydrate fiber changes from 1-2% to 15-18%, the fiber stren,-th is re-
duced by 30-40%, and the elongation is increased by a factor of 1.5-2.
The hydrophily of fibars is determined in a chamber with a constant
temperature (20") and relative humidity (65%). The specimen is held f(
about 24 hours and the hydrophily of fibers is determined by the dif-
ference in weight of the held material which is dried at l00t5* refer.
red to the weight of the dry material. The hydrophily of fibers is de-

.. termined more precisely by the isotherm of water sorption by the fiber
The hydrophily of fibers can be varied by treating Ly various compound
(for example, surface-active substances).

V.A. Berestne
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HYDROFPMlOGOPITE - see Ver.niculite.
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HYDOflIOBY OF FIBERS inability of fiber-- to zorb wat,-r.
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117TROPIASTICS 
-see Polyv 1 Chloride 71astics.
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HYDROTUBMINE STAINLESS STEEL is steel with improved rezistancQ to

corrosion, cavitation and the abrasive action of solid particles sus-

pended in the water, and is used for parts of the flow portions of

hydroturbines. The hydroturbine stainless steel also has Good plastic-

ity and polishing properties.

Most widely used are the chrome, chrome-nickel, and chrone-nickel-

manganese stainless hydroturbine steels. The chrome-nickel stainless

steel is also used as a protective coating applied over less expensive

carbon steel to protect parts from cavitation and corrosive destruc-

tion by the water. The protective coating is applied using the elec-

trometallic atomization method or the electro-arc weld-platin6 method,

and also by the method of facing the part with thin sheets or lami.na

of stainless steel. The last method does not cause internal stresses,

therefore there is no deformation of the parts and the production pro-

cess is accelerated. These advantages are particularly marked in the

facing of large surfaces, for example the blades of large radial-axial

and axial hydroturbines. The following grades of stainless steels are

used most frequently in hydroturbine construction (for chemical com-

position and physico-mechanical properties see Table I and 2).

OKhl3 (EI496) steel is produced in the form of thin and thick

sheet. Hot working is performed In the 1150-900@ range, and weldabil-

ity is satisfactory. Wire of the same steel with a coating of ENTU-3

is used as filler material; in this case the seam has properties close

to the parent metal.

Prior to welding, the sheet edges must be heated to 200-300*.
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TABLE 1
Chemical Composition of Stainl•ss Steels for Hydro-
turbine Construction

ui , w: ~ iv ,ii wi ii ... • ,
V - I I- I i . iil J

ifocT S112-41) 40.01 40.1 I6.6 ll1-li - - @I.S2 '6.OI
IXI) 0W2) 0.10- 40.4 16.6 12-li - - -@.6425 4.60.08

5 (rcf1, 1 2-61) 0.24I11131 0.14-- 44I.7 0.t.I 12--4 '41.1 <0.93 '40All
ro xovT11?--i?) 0,246 0l $ W1 0.1?-- 4:0. 7 41.1 l-. l 2 -6.-I - 9 49.48 40.605

7 TY21-I2HxM)) 9.217 X10I1T.1 40.11 4 1 I--| 1I-2- 0 -- II TIoC- -0 0 30. 40.63 40.641
8 rOQCT 2176-17) 1 3 Aý 0. 1 k

IX-IIIST(0IH I) 0.00- @0.4 w.1 -0-22 4.0- TI(%C-#.-0,2)S. 40 6. O <3 ,0253
•0 Ix2"la~r;la't" 40.1 cil- 2.1-- usII a--a-.s 1 •.1 IO(I|I II -1TMA.) 0.1 2 6.1 O "
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1) Steel grade; 2) elements (%); 3) other elements; 4) OKhl3 (EI496)
GOST 5632-61); 5) 2Khl3 (Zh2) (GOST 5632-61); 6) 2Khl3L (GOST 217 6 -57);)20KhI NL (TU621-52NKM3); 8) Khl8N9TL (GOST 2176-57); 9 but no more

than; 10) lKh21N5T (EI811) (GOST 5632-612; 11) IKh20N3G3D2L (Central
Scientific Research Institute for Technology and Machine D(Cintra

After welding the parts are heat treated using the following regime:

heat to 950-1000, air cool and subsequent temper at 680-7200. In

those cases when this regime cannot be followed, the weld joint alone

must be subjected to short-term tempering. Applications are: welded

spiral chambers (scrolls), facing (jacketing), cowling.

2Kh13 (Zh2) steel is produced in the form of thin and thick sheet,

rod, wire. In the annealed condition this steel has high plasticity

and may be welded (with preheating). High tempering or annealing must

ba performed after welding. This steel is subject to temper brittle-

ness; to obtain high impact strength the tempering after quenching must

be accompanied by accelerated cooling. The highest corrosion resistance

is achieved after quenching with high tempering and polishing. Applica-

tions are: detail parts operating under conditions of water corrosion,

cavitation, and erosion (bolts, screws, nuts, shafts, sleeves).

The 2Khl3L and 20Khl3:M steels are produced in the form of shaped

castings. The casting properties are satisfactory, though a tendency to
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TABLE 2
* Physical and Mechanical Properties of Zta'nloesa
Steels for Hydroturbine Conatruction
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1) Grades, forms; 2) heat treatment regime; 3) (kgJmm2); 4) (a n, kgir/
/C2);5 (cal/cm/sec-*C); 6)no less than; 7)OKhl3 (19)8)thin

sheet (ChMTU 2117-49); 9) anneal at 740-7800, air or furnace cool; 10)thick sheet (ChMTU/TsN'IIhM 225-59); 11) high temper at 680-780o, airor furnace cool; 12) RC = 20 - 39 depending on the tempering temperaturein th'e range 680-_5000; 13) 2Kh13 (EZh2) rods (GOST 5949-.61); 14) oilor water quench from 1000-10500, temper at 660-7700 with oil, water orair cooling; 15) 2Khl3L (GOST 2176-57); 16) anneal at 950% oil quenchfrom 10500, temper at 750 , air cool; 17) 2OKh13NL (TU 621-52NM3) 18)
/heat treated castings; 19) Kh18N9T (EYa1T); 20) rods (COST 5949-615i;21) air ;oil or water quench from 1050-1100;* 22) thick sheet (GOST7350-55; 235 water quench from 1080-1120*; 24) thin sheet (GOST 5582-50) 25) water or air quench from 1050-11200; 26) Kh18N9TI, (GOST 2176-57;27) water quench from .11000 28) (TU 255-521) ei eaPat
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Leningrad); 29) heat treated casting; 30) 1Kh21N5T (EI811); 31) thin
sheet (ChMTU/TsNIIChM 290-60); 32) water cr air quench from 1050"; 33)thick sheet (ChlMTU/TsNIIChM); 34) water quench frron 950-,BC; 35) sec-
tion steel (GOST 5949-61) 36) air quench from 950-l050, 37)
tKh2ON3G3D2La8) anneal at 80-920, normalize from 1080-1120', and
temper at 980 20.

formation of hot cracks during casting is observed. Welding is diffi-

cult, since the steel is prone to local hardening and the formation

of cracks in the heat affected zone; this li~mits the use of electric

welding to correction of casting defects prior to their final heat

treatment. Applications are: impellers and other cast parts of the

flow sections of radial-axial and axial turbines which are subject to

simultaneous action of both cavitation and erosion; whecls of bucket

turbines for high pressures; wheels of bucket turbines subject to

corrosive action.

The KC.18N9T (EYalT) steel is produce,-' in the form of thin and

thick sheet, rod and tubing (see Austenitic Stainless Steel). Applica-

tions are: welded designs of protective and sealing rings, protective

jacketing for turbine covers and bases, facings for impellers of axial

and radial-axial turbines, facings for shaft journals in locations

operating in stuffing boxes and rubber bearings.

The Ihl8N9TL steel is produced in the form of shaped castings.

The casting properties are good and it welds well In the cold condi-

tion. Applications: impellers and other cast parts of the flow sections

of radial-axial, axial and bucket turbines which are subject to cavita-

tion, erosion and corrosion.

The lKh2lN5T (E18l) steel is produced in the form of thin and

thick sheet, rod, wire, tubing, castings. Hot pressure working is per-

formed in the range 1050-800, subsequent heat treatment includes

quench from 950-10500 into water or in the air (depending on the form

of the product). The steel is welded using all forms of welding; wire

2117



II- 30N4

of the same steel is used as the filler material, In this case the

weld seam has properties close to those of the parent rmiterial. Thir,

steel has good resistance to intercrystalline corrosion and corrozion

cracking. It is a replacement for the Kh1'8N9T steel.

The lI~x2ON3GD2L steel is produced in the form of shaped castinC5

per factory specifications. Applications are: cast and welded-cast de-

tail parts for the flow sections of hydioturbines operating uzin6h wa-

ter with a large amount of silt (sand).

References, German, A.L., et al., Tekhnologiya proizvodstva znalykh

I. srednikb gidroturbin (technology of Production of Small and Medium

Hydroturbines), Moscow-Sverdlovsk, 1954; Korsakov, V*S*, Tekhnologiya

gidromashinostroyenlya (Technology of Hydromnachine Construction), Mos-

cow, 1948; Gamze, Z.M. and Gol'dsher, A.Ya., Tekhnologiya proizvodstva

krupnykh gidroturbin (Technology of Large Hydroturbine Production),,

Moscow-Leningrad, 1950; Orakhelashvili,, M.M., Iz-nosostoykost' reakti-

vnykh gidroturbin (Wear Resistance of Reaction Hydroturbines), Moscow-

Leningrad, 1960; Kermabon, R. and Tuvenin, G., Restorat ion of Hydro-

turbine Impellers at French Hydrostations), translated from German,

Moscow-Leningrad, 1957; I.ydroturbine Construction in the USA, tranis-

lated from English, edited by A. Artemov, Moscow-Leningrad, 1957;

Mikhaylov-Mikheyev, P.B., Spravochnik po metallicheskim inaterialarn

tubino- I motorostroyeniya (Handbool on Metallic Materials for Turbine

and Engine Construction), Moscow-Leningrad, 1961; Stali s ponizhennym

soderzhaniyem nikelya (Steels with Reduced Nickel Content), Handbook,

edited by M.V. Prindantsev and G.L. Livshits., Moscow, 1961.

I.Ye. Gerasimov
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HYGROSCOPIC NATURE - see Moisture Absorption Capacity.
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HYPALI.O, see Chlorosulf onated, polyethylene.
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HYPERUEASTIC DEFORMATION - a form of high-elastic deformation

which is peculiar of various amorphous polymers within specific tempt

ature intervals, where the flexibility of chain molecules is exhibiti

Hyperelastic deformation is characterized by a low modulus of elastic

ty (1-10 kg/cm2 ) and large mechanical reversible deformations, which

many-fold exceed the initial dimensions of the specimen. Raw and pro-

cessed rubbers are typical hyperelastic materials in the temperature

range from -70* to +100. The application of an external force to thet

changes the conformation of chain molecules which are usually coiled

into a tangle as a result of intensive thermal movement. The main

difference between hyperelastic and ordinary elastic deformation con-

sists in the fact that elastic deformation of polymers in the vitreous

state involves changes in the mean distances between particles, while

hyperelastic deformation is related to regrouping links of chain mole-

cules without changing the mean distance between them. The displacemen

of polymeric molecules with respect to one another is made difficult

due to the large dimensions of the molecules proper, and for retigular

polymers (rubbers) it is made difficult by the presence of strong trans

verse bonds between them. Hyperelastic deformation does not develop im.

mediately but rather requires time, and proceeds the slower, the lower

the temperature. Below the vitrification temperature the rate at which

the hyperelastic deformation develops is negligible and the polymer

undergoes ordinary elastic deformation. When the stress is removed, the

initial state is reached with time. Since hyperelastic materials are

capable of restoring their shape after the load is removed in the same
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manner .s solid bodls, from the point of view of mechanlc.; th.y are

solid bodies. However, with respect to other phy.-l.al prop'.rt1,:..

hyperelastic materials (rubber) are similar to a liquid and tven to a

gas. Liquids and rubber are amorphous substancu.•, their thermal expan-

sion and cmpressibility coefficients are cloSe and are much low-er than

those for solid bodies. At the same time, the nature of hypere-laztic

deformation differs from the nature of deformation in solid bodies and

simple liquids. Hyperelastic stresses in deformed rubber, as the pre:-

sure of a compressed gas, are proportional to the absolute temperature,

since the deformation of gases and rubbers has a molecular-kinetic

(entropic) nature. Such a combination of characteristics of a zolid

body, liquid and gas in hyperelastic materials is due to their polymeric

Structure. The relaxation properties of these materials and molecular-

kinetic concepts on the thermal motion of molecules are fundamental for

the understanding of the mechanics of rubber and a key to the explana-

tion of various physical states. For example, the value of stress in

rubber with a specified deformed state (tension, compression, torsion)

drops with time. Hence, unlike other bodies which are characterized by

moduli of elasticity, hyperelasticity moduli cannot be regarded as being

time-independent quantities. If a constant load or a periodic load of

constant amplitude is applied to rubber, then the value of the deforma-

tion will increase with time. In the first case static and in the second

case dynamic creep (elastic aftereffect) is observed. As in the process

of stress relaxation, the hyperelastic modulus of elasticity E de-

creases in the process of the aftereffect, approaching the equilibrium

modulus E. (hyperelastic equilibrium modulus). The molecular nature of

relaxation properties of fluids and amorphous polymers is the same. As

atoms in simple liquids pass from one equilibrium state to the neigh-

boring one under the effect of thermal motion, so do section of linear
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macromolecules (segments) move from one position to another. Here the

frequency of transition of segmenta from one equilibrium ztate to the

neighboring one depends on the magnitude of potential barriers and the

temperature, and also on the strezs, i.e., the higher the stress, the

easier the movement of segments in the direction of the force and the

more difficult in the opposite direction. Deformation of the chain

takes place by successive displacement of segents, that is, with time.

Hence, the hyperelastic deformation always lags behind the externally

applied stress. As a result of this, when the stress varies periodicall3

mechanical losses which are depicted on the diagram by a hysteresis

loop, take place at each deformation cycle.

At high temperatures the time of "settled down life" of each seg-

ment of rubber raw materials is so small that the chain moleculas are

deformed almost instantarneously upon load application. However, as the

temperature is reduced, this time can be regarded as being sufficiently

large so that the chain molecules do not change their shape during th

observation time. Mechanical vitrification takes place, i.e., transi-

tion from the hyperelastic to elastic deformation, which iz character

istic of glass.

Change in the dimension and shape (for example, elongation by a

factor of 2-3) of a body which is in the vitreous state, due to stress-

es exceeding the forced elasticity limit is called induced hyperelastic

deformation. This property is peculiar only to polymeric materials. The

high induced hyperelastic deformation which develops in the vitreous

state is highly-elastic by nature, since it is related not to changes

in the mean distances between particles, and to displacements of chain

molecules as a whole, but to changes in the conformation of flexible

chain molecules. Transition of chain molecules from one conformal statr

to another below the vitrification temperature becomes possible only on
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attendant forcing action of externally applied ntre're•. Without thouze

stresses the insignificant thermal motion in polymeric Claz.-P iz not ca-

pAble of perceptibly changing, the conformal state of chain mo1.ul' z

which are held in their positions by intermolecular interaction. Hnze,

induced hyperelastic deformation does not disappear after th- load i:

removed and the material remains in the directed state for an infinite

time. Single-axis and two-axis extrusions are used in practice (poly-

meric fibers, films and directed organic glass). When theze materialz

are heated they spontaneously contract to their initial dimensicno (be-

fore extrusion).

References: Kobeko, P.P., Amorfnyye veshchestvaj[Amorphouzs ub-

stances), Moscow-Leningrad, 1952; Treloar, L., Fizika uprugozti

kauchuka [Rubber Elasticity Physics], Moscow, 1953; Kargin, V.A. and

Slonimskiy, G.L. Kratkiye ocherki po fiziko-khim.i polimerov [Brief

Outlines on the Physical Chemistry of Polymers], Moscow, 1960; Lazurkin,

Yu.S. and Fogel'son, R.L., "Zhurnal tekhn. fiz." [Journal of Technical

Physics], Issue 3, pages 267-86, 1951.

G.M. Bartenev
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HYSTERESIS - irreversible changes which are expres"el in different

progress of direct and reverse processes. A distinction is made between

magnetic hysteresis, sorption, mechanical, etc., hystereses. In the lat-

ter case of hysteresis mismatch exists between branches on the stress-

strain diagram which correspond to loading and unloading as a result of

irreversible processes (local plastic deformations, distortion of struc-

ture, etc, ). This mismatch is usually exhibited as early as in the

macroelastic region; for which reason this hysteresis is called elastic,

which is inaccurate, since mechanical hysteresis is based on inelastic

processes. As the load increases, "elastic" hysteresis becomes plastic,

since macroscopic residual deformation appears. As the structure be-

comes increasingly less homogeneous, hysteresis usually is increased.

The area of the hysteresis loop characterizes the magnitude of the

dissipated energy and is related to the capacity to damp vibrations. An

attempt is made in the case of flexible elements of instruments (mem-

branes, etc.) to reduce the divergence between loading and unloading

readings, for which reason it is desirable to reduce the hysteresis. In

certain cases, for example, when it is difficult to avoid resonance

phenomena in a structure, the high damping capacity of 'he material can

be found to be useful.

Ya. B. Fridman
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IMPACT DUCTILITY - ability of a material to absorb meýchanical en-

ergy upon being deformed to failure under the action of an Impact load.

It is estimated by the breaking energy of a notched specimen (see Men-

ager Specimen) when testing in imiyact flexure on a Charpy impact ma-

chine. By convention it is referred to the specimen cross section at

the base of the notch, and has the dimensions of kgm/cm2 . Impact duc-

tility is one of the major characteristics used for evaluatire the

quality of metals, it is frequently specified in technical specifica-

tions for delivery. In many cases the tendency of metals and alloys to

brittle failure under rigorous load conditions is reliably estimated. A

sharp drop in impact ductility with a reduction in the test temperature

(in the so-called serial tests) determines the threshold of cold brit-

tleness of the material (see Low-Temperature Mechanical Properties).

S.I. Kishkina-Ratner.
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IMPEDANCE-TYPE OF THE ACOUSTIC ME!HOD OF FLAW DETECTION - is based

on the evaluation of the mechanical impedance (the total mechanical re-

sistance) of the tested product when elastic oscillations are excited

in it. This method is used for the detection of glued, soldered and

other Joints in multilayer constructions from metallic and nonmetallic

materials.(see Acoustic Flaw Detection).

Yu.G. Lange
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IMPRMNATED CME'TS- are metallic products obtained by imprejnat-

Ing compressed metal-power blanks with molten met'is. The necessary

uniforn compression of the powders in the blanks is achieved by press-

ing, extrusion, spraying, compactVng by vibration, molding of slip in

plaster molds, etc. The specific p-essure during the compacting amounts

to 2-10 kg/cm2 and may in certain cases rise to values usual in the

production of cermets. Organic binders: solutions of paraffin and rub-

ber in gasoline, of resins in alcohol, etc., are added to the metallic

powders before the molding in order to make the blanks stable. The

I molding of the blanks is carried cut into fireproof containers, into

high-melting powder-refractories, as alumina and magnesia. The contain-

ers are fired in furnaces filled with a protective gas atmosphere; the

impregnation of the powder-blanks .s carried out by a pouring system,

the liquid metal is supplied overh ated by 100-200* (see Infiltration).

The surf4 ce of the blanks molded i a refractory which is non-wettable

by the liquid metal retains after ýhe impregnation all the finest de-

tails even of very intricate contoirs. The linear shrinkage of the im-

pregnated blanks amounts 1-2% at rbom temperature, therefore, in con-

trast to sintered cermets, no stresses of the 1st order arise when the

impregnated products are cooled, and distortions and cracks are almost

absent.

Impregnated cermets are widel used for the production of objects

from fireproof alloys and copper-iron compositions and are experimental-

ly applied for the production of ait objects and typographic cliches.

A.A. Abinder

2128



1-llbO

IMPREGNATED WOOD - wood material treated by chemical substances to

improve its properties. Integrated mettods of treatment which at the

same time improve a number of properties of wood are known. Most exten-

sively used is impregnation of wood by anticeptics, i.e., by substances

which are toxic to fungi and mold, %hich cause wood to rot. Use is also

made of impregnation of wood by fireproofing substances, i.e., antipy-

renes, and hydrophobic substances, which aid in reducing the hygroscopi-

city.

The physicomechanical properties of wood are improved when it Is

impregnated by organic and inorganic substances, for example, aromatic

amines or alloys of sulfur with 10% chlorinated naphthalene (Table 1).

TABLE I

Physicomechanical Properties of Birch,
Impregnated by Sulfur with 10% Chlor-
inated Naphthalene

1) Birch; 2)fspecific weitht /cm3); 3) moisture absorption (%n; i4)
ultwmate strength (kgocmcp; 5brrodulus of resilence in bending (kt-m/3crB) 6) _ncmrsinaog the fibers; 7) in static bending;8b) in
cleaving along the fibers; 9) not impregnated; 10) impregnated.

The first place with respect to the production and use of impreg-

nated wood is occupied by railraod maintenance (crossties, transfer
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I TABLE 2

Physicomechanical Properties of Bakelite-Impregnated
Wood

Specific weight (g/cm3.) 2 0.460*96
Ultimate strength (kg/cm )

in comparison 1300-1500
in static bending 1100-1300

..in tension 800-1500
in cleaving 200- 250

.Modulus of resilience in bending (kg-.4i/cm3 ) 3-8
Martens specific heat (cal) 0.20-0.50
Moisture absorption in 24 hours (%) 8-20
Swelling in 24 hours (%) 5-18

bars, bridge and car components); the second place is occupied by power

facilities and the communications service (poles, masts). In shipbuild-

Ing and hydraulic engineering impregnation is used for parts of ships,

wooden barges, wharf piles, components of dams, sluices, water pres-

sure towers, etc. Mine supports are impregnated in the-ore and co.-1..

mining industries.

Wood which is used for constructing chemical apparatus (cylindri-

cal vessels, montejus for work under pressue, etching vats, connecting

pipes, taps, mixers, exhausters, and other chemical machine building

components, as well as components of pipelines and wood structures

which are subjected to the effect of gases and agressive media, etc.),

are impregnated by synthetic resins, in particular phenolformaldehydez,

which in practice are called bakelite resins (Table 2).

Impregnated wood is used extensively also in other branches of the

national economy.

References: Berlin, A.A., Issledovaniya v oblasti khimii i tekhno-

logii oblagorozhennoy drevesiny i drevesnykh plasticheskikh mass [Stu-

dies in the Field of Chemistry and Technology of Improved Wood and Wood

Plastics], Moscow - Leningrad, 1950; Lektorskiy, D.N., Zashchitnaya
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Obrabotka drevesiny [Pro,;ective Treatment of Wood],, part 1, Moscow-Le*-n..
Irigrad, 1951; Rornanov, N.T. i Kompleksnyy metod fiziko-khirdcheskoy
obrabotkj. drevesiny [An IEnt~egr ated Method for Ph~ysicochemical Treatment
of Wood], Moscow-L-eningrad, 1957; Novitskly, 0.1. and Stogov., V. V.
Derevopropitochnyye zt.,%ody [Wood -Imnpregnatin~g Plants], Moscow, 1959.

N. T. flonanov
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IMPRESSION HARDNESS - property of material: to res'st local plas-

tic deformation which is produced by fcrced penetration, I.e., impres-

slon into the surface of a specimen or product a body (indenter, tip)

spherical, phramidal or conical in shape from hardened steel, damond

or hard alloy. Zn the most extensively used methods of impression

Shardness determination (Brinell, Rockwell, Vickers) the tip iz made to

penetrate by-instruments, i.e., hardness testers, with a smoothly (sta-

tically) applied load. The magnitude and rate of load application, time

of holding under the load, the geometric shape of the tip are specified

by the appropriate All-Union standards. The impression hardness is de-

termined quantitatively by the so-called hardness number, w,.hich repre-

sents either the mean specific pressure at the surface of the impres-

sian left after the tip is removed (Brinell Hardness, Vickers Hardness),

or an arbitrary quantity, which depends on the depth of the tip's pene-

tration (Rock•ell hardness). In certain nonstandard methods of Impres-

sion hardnezs determination (for example, Meier, Ludwig) the hardness

number is determined by the ratio of the load to the area of projectlcn

of t'ie impression on a surface perpendicular to the direction of tip - -

penetration. Methods in which the hardness is determined by dynamic

impre-zing of ball or tapered tips with subsequent approximate recalcu-

lation of the data thus obtained into generally used hardness nurbers

(HB, MV, HR) or with calculation of the so-called dynamic hardness by

multiplying the energy used up for making the impression by its volume

are used much more infrequently. Impression hart'ness is an important

and convenient characteristic of a material, since it is determined quite

2132



III-13tl

simply and rapidlys does not require destruction of the specimen or cco

ponert, unlike other methods of mechanical testing, and can serve for

indirect approximate estimating the strength properties of a material

(for example, t..i Brinell hardness of many materials in linearly rela-

ted to the ultimate su.r-ngth). Scratch methods of hardness determiratio

as well as the oscillation methods (Herbert) and elastic rebound method

(Shore) are at present used very infrequently, so that impression hard-

ness determination methods are basic in the modern techniques of mechan

Ical materials testing.

References: O'Neil, H., Tverdost' metallov I yeye izereniye (Hard

ness of Metals and Its Measurement], Tranlated from English, Moscow-

Leningrad, 1940; Shaposhnilkov, N.A., Mekhanicheskiye Ispytaniya metal-

lov [Mechanical Testing of Metals], 2nd Edition, Moscow-Leningrad,

1954.

I.V. Kudryatsev and D.M. Shur.
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INCONEL- is a scale-resistant heatproof nickel alloy produced in

U.S.

TABLE
The Chemical Composition of .Inconel
Alloys

i • i i, Al Arl *%b i i

7 iV.3 i 4.2 15ý 3, 2
12 ~ * 1:, -. - me-

9 .. .o 3.02 0.8 0

3• • . . 1 :o. 1 0 . 413- OQ J , " * a• e 0 .4 C a o 4 . S" N ev .

-
I .2

1 )PAlloy; 2) content of elements %);
3) other elements; 4) Inconel; 5) the
rest.

Inconel is used for the production of heatproof parts for diverse

units of gas-turbine engines (fire tubes, exhaust pipes, parts of the

gas collector, combustion chambers) working at high temperatures of the

800-I100o range at low stresses. The parts are joined by welding. The

Inconel grades X, X500, and 700 are aging alloys with intermetallic

hardening. They are used for the production of parts of gas-turbine en-

gines which operate at high temperatures under higher loads. The X

grade Inconel is used as a construction and covering material for rock-

ets, supersonic aircrafts and apparatuses for the flight into the

ionosphere. The alloy is characterized by a good strength at 480-760,

a high toughness and is insensitive to notches at low temperatures up

to -78. It proves a good weldability especially by the resistance-weld-

ing method in the state after austenite hardening. The welded units are

subject to heat treatment with subsequent pickling in alkali and passi-

S. 23
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vation In nitric acid when high strength Is required. Soviet :rlenti•

had developed alloys whose properties are not infcrior to that of th,'

Inccoel1 alloys.

Inconel 700 is used for the production of the working blaiez of

gas-turbine engines operating at temperatures about 900O. Inconel 713

in a super-heatproof cast alloy. It is intended for the production of

guide- and rotor-blades of gas turbines. The alloy grades ElrI17 and

E1826 and certain cast alloys are used in tMSR. The change in long-lif

strength of Inconel is shown in Figs. 1 and 2.

Fig. 1. Change in the 100-
hours long-life strength
of Inconel at rising tem-
perature. 1) kg/= 2 ; 2)
temperature, "C.

Fig. 2. Change in the 1000-
hours long-life strength of
Inconel 4t rising temperature.
1) kg/nme; 2) temperature, *C.
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References: ,Woldman N.E., "Mater. and Methods," 156, Vol. 4, tic.

6, page 1475-90; Slrons W.F., Krivobook V. ii., "ALTM Sp,-clal Technical

Publ.," 1958, No.i 179A; "Metal Progr.," 1954, vol. 66, No. 1A, page

..293; "Aircraft Prod.," 1959, Vol. 21, No. 4, page 122-26; "Mater. and

Methods," 1956, Vol. 44,, No. 2, page 151; "Metal Ind.," Vol. 58, No.

.12, page 225.

F.F. Khimuzhin
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INDEX OF REFRACTION - the ratio of the bpeed ol jight in a vacuum

to the speed of light in a given material (absolute index of refraction).

The relative refractive index of two media is the ratio of the speed of

light in the medium from which the light is incident on the surface of

separation to the speed of light in the second medium, in which the

light rays are refracted. The refractive index Is numerically equal to

the ratio of the sign of the angle of ray incidence to the sign of the

angle of refraction. It depends on the wavelength, or color, of the

light (see Coefficient of dispersion) and precise refractive indices

are consequently generally accompanied by an indication of the wave-

length at which they were determined. For example, nD is the refractive

index corresponding to the D line of sodium (the yellow doublet X =

= 5893 A). Devices for measuring refractive indices are called refrac-

tometers.

L.S. Priss
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INDIGOLITE -see Tourmaline.
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INDUSTRIAL TESTING - simplified method for determining the homo-

genity, plasticity and ability of metals to deform under conditionz sim-

ilar to those to which they are subjected on machining or in service.

Unlike mechanical tests, industrial tests are not accompanied by

determination of stresses arising in the material or of loads applied

to them. The rapidity with which industrial testing is performed and

the feasibility of using simple instruments make it possible to use

them for mass control in the industry. The results of induztrial tests

are evaluated either by the external appearance of the specimens (pre-

sence of cracks, peeling, cleavage, etc.) or by measuring the deforma-

tion obtained after applying a load (number of bends, twists, angle

of twist, etc.). The majority of industrial tests is standardized. Bend-

ing (see Bending Test), folding, unfolding (OST 1694), double roofing

joint (OST 1697), extrusion (pressing through), flattening (GOST 8818-

58) tests are used for sheet, strip and shaped (shapes) materials.

Bending, shrinkage (GOST 8817-58), flattening (GOST 8818-58) tests are

used for bar stock, while twisting (GOST 1545-42) folding, winding

(OST 1695), flattening (GOST 8818-58) tests are used for wire. Bending

(GOST 3728-47), flanging (GOST 8693-58), compressing (GOST 8695-58) and

flaring (GOST 8694-58) tests are used for pipes.

The unfolding test consists in the unfolding by a small, sledge

or large hammer of an angle in a shaped material into a flat shape

with subsequent bending the plate thus straightened in accordance with

the technical specifications for the material.

The double roofing joint test consists in joining two pieces of
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sheet material tightly by a double Joint with subsequent bending along

a line perpendicular to the line of the Joint over a specified angle

and unfolding to the initial state.

The extrusion (pressing through) test is performed for sheet ma-

terial and strips. It consists in extrading a hole in a specimen by a

semispherical punch and die of specified dimensions. An esti•ate of

the plasticity is the depth of extrusion which is obtained before the

material fails. The test is performed on the PTL-10 device, which is

produced by the ZIP plant (city of Ivanovo).

The flattening test is performed under a press or by a hammer.

Specimens from strip or sheet materials are flattened until the width

of a standard specimen is increased to a value specified in the techni-

cal specifications for the material. When testing wire the flattening

is performed on specimens of specified height until a head of specified

size is obtained.

The shrinkage test is used for materials from which fasteners

(bolts, rivets) are made by hot or cold upsetting and by end forging.

The specimens are tested under a press or by a hammer to a specified

deformation the magnitude of which is given in technical specifica-

tions.

The twisting test is used for wire not more than 10 mm in diameter.

The number of 360* twists in a specimen of a specified length serves

as an estimate of the materials capacity for plastic deformation. The

tests are performed in a special instrument cInd can be achieved with a

Sconstant and variable direction of twist, twisting of one or two speci-

mens clamped alongside one another, without and with preliminary

stretching.

The winding test is used for wire 6 mm and less in diameter. It

consists in winding the wire (5-10) coils in tightly wound coils along
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a spiral line on a cylinder of specified diameter or onto the wire pro-

per.

The flanring test consists in smooth flangin(ý or the end of. t e

pipe by using a mandrel until a flange of a specified diameter i. form-

ed.

The c.ompressini test consists in smooth compressing of the end

or section of a pipe between parallel planes until the sliecified size

between the planes is reached.

The flaring test consists in smooth flaring the end of a pipe Into

a taper, using a special mandrel, until a specified diameter is pro-

duced at the end.

References: Shaposhnikov, N.A., Mekhanicheskiye ispytaniya metal-

Icy (Mechanical Testing of Materials], 2nd Edition, Moscow-Leningrad,

1954.

Yu.S. Danilov

Manu-
script (Transliterated Symbols]Page
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2139 OCT = OST = Obshchesoyuznyy standart = All-Union State
Standard

2139 rOCT = GOST = Gosudarstvennyy obstchesoyuznyy standart = All-

Union State Standard

2140 3 = ZIP = zavod izmeritel'nykh priborov = Measuring Instru-

ments Plant
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INFILTRATION - is the penetration of a fluid or gas into a porous

solid. The infiltration process of liquid metals and alloys into porous

metallic blanks has found application in practice for the production of

impregnated Cermets. Impregnation takes place when a porous solid is

wet by a fluid, i.e., on condition that the contact angle e is lower

than 900.

The surface tnesion of the fluid and the wetting effect cause the

origin of a capillary pressure termed Laplace's pressure. The magnitude

of this pressure is determined by the formula
S

2where P is the capillary pressure in g/cm ; a is the surface tension in

dyne/cm; r is the radius of the capillary tube in cm; 0 is the contact

angle.

The presence of a liquid slag film (impregnation usi.ng a fusing

.agent) on the surface of the melted metal changes significantly the

surface tension on the slag - metal interface. The calculation of the

additional Laplace's pressure is carried out in this case according to

the formula

P=P,+ .,-.

where P1 is the Laplace pressure in the metal caused by the effect of

the gas - slag interface, in g/cm2 ; P2 is the Laplace pressure of the

meniscus formed by the slag - metal interface in g/cm2

The work consumed for overcoming the friction of the fluid flowing

in the capillary must be taken into account for the impregnation of

2142



1-1911

porous metal blanks with melted metals. The coefficiunt of thf. internal

friction of fluids Is reduced at rising, temperature, theireforý, l u:;irv."

agents (borax, phosphiterz, etc. )and overheatinr, of the- liquirl meI(tal hy

100-200* are used.

I.A. Abinder
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INFUMSORIAL EARTH - is a loose rock ccmpooed mainly of fin, parti-

cles, the residual shells of diatoms. With regard to it: .cpozition,

propdrties and utilization, it is identical with Diatomite.
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INORGANIC ADHM3IVE- is a ccmpound based on sodium silicate and

other mineral salts, and also on oxides of certain metals. ITe heat re.

sistance of the inorganic adhesives is their primary advantage comnpare

with adhesives based on organic substances, at the same time, however,

V they possess a high brittleness, a fact which considerably limitn theiz

field of utilizatior. Inorganic adhesives and cements on silicate basi:

are used for bonding aluminum foil on paper, for Joinin.g glazs, wood,

paper, board, etc. Inorganic cements (hydraulic, magnesia, iron, sulfur

and other cements) are used in industry. Cements for Joining metals and

other materials in stressed structures operating at very high tempera-

tures have been recently developed.

A well-known adhesive is an aqueous suspension of a frit composed

of feldspar, borax, calcined soda, saltpeter, barium carbonate and othe

components., The bonding process consists in the application of the com-

pound on the metal, drying in air and heat treatment of the Joint sur-

faces at 9550 for 20 minutes under a pressure of 3.5 kg/cm2 . The shear-
2ing strength of the adhesive Joint is 70 kg/cm within 20-500. Investi.

gations are in prcgress to find heat resistant ceramic adhesives. It is

to be hoped that such adhesives may replace solders, especially in the

production or three-layer all-metal construction from stainless steel

with a honeycomb filler.

References: Adgeziya, klei, tssmenty, pripoi [Adhesion, Adhesives,

Cements, hnd Solders], [A collection of papers], translated from English1

Moscow, i954; "J. Amer. Ceram. Soc. 1958, Vol. 41, No. 4.

D.A. Kardashev
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INSTALLATIONS FOR GAMMA-RAY.FLAW DETECTION - devices which are

used for Irradiating .by'gamma rays to obtain a channeled radiation beam

and for protection of the servicing personnel from the harmful effect

of radiation. When idle, the installations serve as protective crating

(container) of the gamma ray source (radloactive Isotope), which en-

sures safe transportation. When the radiation sources are highly active

the installations usuallyhave two containers, i.e., a transportation

and working container• which is located on the support. The radiation

source in this case is moved by an electromechanical manipulator e-

quipped with remote control.
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ISOCYANATE ADHEZIVE - is a solution of diisocyanatez and triizocy-

anates (leuconates) in dichloroethane (20:80%); it is uzed to bond rub-

bers on metals, and to improve the Joint between rubbers and fabrics

made from synthetic fibers. The leuconate (triphenylmethane p-,p'-,p"-

triisocyanate), the most universal isocyanate adhesive, is used to ad-

here all kinds of commercial rubbers on Duraltumin, stainless steel,

brass, bronze and other alloys. The bonding of rubber on metal by means

of leuconate must be carried out in a room with not more ttan 60-65%

relative moisture content; before the adhesion, the metal pieces are

treated with steel or cast-iron shot in an apparatus. The surfaces of

the metal pieces are covered with the adhesive and dried at 18-30o for

30-40 minutes, or at 30-45* for 10-30 mrin. After being cooled, the

pieces are again covered with a double layer of adhesive and dried in

the same way as before. The vulcanized adhesive film resists kerosene,

gasoline and mineral oils. The peel strength of the Joint between rub-

ber and metals is not lower than 40 kg/cm2. The glue may be stored for

1.5 years in tightly closed containers at 0-200.

References: Zherebkov S.K., Krepleniye reziny k metallam (Fastening

of Rubber on Metals], Moscow, 1956.

D.A. Kardashev
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ISO RUBBER HARDNESS. The determination of ISO rubber hardness con-

sists in measuring the difference in the depth of penetration of a ball

with d - 2.5 mm into the rubber under an initial load of 30 g for 5

secs., and under a final load of 580 for 30 secs. The results in inter-

national hardness units are found either from a table, or from the in-

strument's scale, which is graduated directly in these units.

The scale of international hardness units is selected so that hard-

ness of 0 is assigned to a material with the Young modulus E = 0, while

the number 100 is assigned to a material with E =

The readings in international hardness units for rubber corres-

pond to the Shore scleroscope (type A). The relationship between the

depth of penetration of the rubber and the hardness in international

units is based on the relationship of the depth of penetration of the

ball and Young's modulus, which is valid for elastic isotronic materials.

rl,E0. O.(X)O0,O.¢5 %t.3$

where F is the pressing-in force (kg), E is Young's modulus (kg/cm2 ),

h is the 4epth of penetration of the ball (hundredths of mm) and r is

the radius of the ball (cm).

Specimens which are hardness tested are at least 6 mm thick which

have plane parallel sections. The measurements are taken in 4 points

and the arithmetic mean is taken as the result. At the time of testing

the instrument is lightly vibrated in order to eliminate friction when

the ball penetrates the rubber specimen.

References: ISO, Technical Committee 45, documents No. 219, 250,
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448, 452, 557.

V.V. Ovchinnikov

Manu-
script [Transliterated Symbol]
Page
No.

2148 ZCO ISO = Internatsyonal'naya organizatslya standartizatoli
= International Standardization Organization
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INTEGRAL RADIATION - total radiation - is the thermal radiation in

the whole range of the wavelength of the spectrum fron y = 0 to y = a.

The energy transfer takes place mainly in tle visible (v = 0.4-0.76

microns) and the infrared (y = 0.76-750 microns).spectral ranges. At

the temperatures occurring in technology, the main part of the radia-L tion energy falls in the infrared range of the spectrum with wavelengths

from 0.76 to 15 microns. The radiation in the visible (luminous)

spectral range becomes important only at very high temperatures. A ther-

mal radiation in a narrow wavelength interval dy is termed monochromat-

ic. The integral radiation is studied in thermal calculations, the

monochromatic radiation in pyrometry, in spectral-and other investiga-

tions.

G.A. Zhorov
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INTERMEDIATE CLASS STAINLESS STEEL is ateel which with resp;-ct to

chemical composition is on the boundary between the austenitic and mar-

tensitic classes and, depending on the heat treatment, may have struc-

MO-3

7

Diagram of position of the intermediate class stainless steel between
the austenitic and martensitic classes (cold treatment is performed at
-70'). 1) aO2 , kg/mm2 ; 2) quench after heating ? 1050*; 3) cold treat-
ment; 4) austenitic class; 5) martensitic class; 6) intermediate class;
7) alloying.

ture and properties close to the steel of either class. The positioning

of the intermediate class stainless steel between the austenitic and

martensitic classes is shown in the figure. In some cases, in addition

to the basic structure of austenite and martensite the intermediate

class stainless steel has a definite amount of 6-ferrite. After quench

from the austenitizing temperature which is sufficient to dissolve the

carbides, the structure of the intermediate class stainless steel be-

comes basically austenitic. One of the salient features of the interme-

diate class stainless steel is the ability of the austenite to convert

intensively into martensite tinder the influence of plastic deformation

at room temperature. The relatively high values of the ultimate

strength of the intermediate class stainless steel in the austenitic

condition is explained by the fact that during tensile testing a con-

siderable amount of martensite is formed in the steel at the instant
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TA3I�l
Chemical Composition of Intermediate Class Stain-
less Steel
- . --� I - � E.iwe�u��in. kw.P4q?��.(:, Al

ZlOWSK� hI 0.7 0.7 I4.A-tS.� 7-9.1 - *9-t.0 '.0i '..'.3-, i I
21711143 e.os-o.to 0.7 0.? 11-17.9 I,%-1.1 0-3.9 - E,.02 0.001

(EN S. I I
ZiTHihi �S.O9 0.0 OS Il-IS 5.9-7.7 - 0.5-1.1 0.025 4.�09

(3135131 -

1) Steel; 2) element content (%) 3) no more than; 4) Kh15N9Yu (SN-2,

EI9OL&); 5) Th17N5�43 (SN-3, E1925); 6) JGil7N7Yu (�t973).

TABLE 2
Mechanical Properties of Intermediate Class Stain-
less Steels (no lee, than)

2 CmT0wu � I �' � q�
Css� (wesa') 3 �%)

811001) SI IL

X19H0K7 (CN-2. Hirwat� (noca. SflWSIHU u& so.ayae c 1020.-
Vnpo�'SCnHaN (twa. S*wa.I�tu Ha molayic C

?9 oGpa0oniu tO.¶OfloU flpU ?en-p. 0? -5G*
20 -79 U ?OWHU.t 2-4 qic. U n�VeUhR � 120 99 tO I
&2%-S00�
flo.11uarap?0marn�aNU ocYipeuuaH � , . ,. & -

� � eot�peNN*m (ct.p.uU. Epa

XINSHS (CH MErKUN (flora. aSHA.iHU Ha moaaIO C 1050) 25 23 Ii

811929) Yn�'.yq,,eHuaq (nor.ie aawaJmu me aos�ye. C

103u-1070. 0?fl)CH� fiN

��mSteel;12:;� ml5N�yu (SN-

2, �L904); 6) soft (after air quench from 1020-1050); 7) stre�.gthened
(after air quench from 9750, cold treatment at tempeeatures frcm -50 to
�75o for 2-4 hours and aging at 425 -500); 8) half work-hardened and(aging at 48o for 1 hotut); 9) ,�ork-hardened and ed (aging atfor hour)� 10) IOi17N5M3 (SN-3, E1925); 11) soft after airquench from 1050 ); 12) strengthened (after air quench from 950-930,cold treatment at a temperature from -50 to -70 for 2-4 hours, anden at 4500); 13) work-hardened and tempered; 14) IO�l7N7Yu (El-
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TABLE 3
Mechanical Properties of Some Intermediate Class
Stainless Steels (no le33 than)*

(N+ I 1.) .. A_+. . I , ., l e A

Ott

too00 IOU fli I-1

__, _ I . _ _sot .$ $ 0 Is 0 95 so,

*Properties of steel in strengthened condition.

1) Temperature (°C); 2) Khil5N9Yu; 3) Khl7N5M3; 4) (kg/=n2); 5) 0(O0
S(kg/.g 2); 6) at.

of reaching the maximal lo'J under the influence of the preceding plas-

tic deformation. As a result of this, in the soft condition (after

.quench from a sufficiently high tempezdture) the intermediate class

stainless steel has an unusual combination of mechanical properties: a

low yield point, a relatively high ultimate strength, high plasticity

and toughness. With increase of the test temperature (to 100-150') the

strength of the intermediate class stainless steel in the soft quenched

condition decreases sharply, since with even a slight temperature in-

crease there is a reduction of the rate of decomposition of the austen-

ite into martensite during plastic deformation in the test process.

Strengthening of the intermediate class stainless steel is

achieved by three methods. The first method consists of quenching from

a temperature, as a rule, which is lower than necessary for full solu-

tion of the carbides (950-1050), as a result of which the steel ac-

quires a structure of unstable austenite with a slight amount of mar-

tensite; then cold treatment at a temperature from -50 to -70" for sev-

eral hours and tempering at 400-600%. During the cold treatment period

there is conversion of austenite into martensite, which is accompanied

by a significant increase of the steel strength. If the intermediate

class stainless steel is an aging steel, then during tempering there is
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further increase of its strength, the maximal strengthening effect of

the aging shows up in the temperature range 450-550* depending on the

steel alloying. In all probability, the aging is associated with the

precipitation, or the preparation of the crystalline lattice for preci-

pitation, of the dispersed intermetallides. Strengthening by the first

method provides the intermediate class stainless steel with a combina-

tion of Yigh values of the yield point and the ultimate strength along

with satisfactory impact toughness and plasticity. The second method of

strengthening the intermediate class stainless steel consists in

quenching after prolonged soak at 700-800", durIng the soak time at

this temperatu.re there is intensive precipitation of the chromium-con-

taining carbides, in this case the austenite is depleted of carbon and

the alloying elements, the martensitic point is raised, and with cool-

Ing to room temperature the steel structure becomes martensitic. The

final operation is tempering or aging, in the latter case further

strengthening of the steel takes place. After treatment by this method

the intermediate class stainless steel acquires lower strength and low-

er toughness, and also has lower corrosion resistance. The third method

of strengthening consists in wort' hardening the previously austenitic-

quenched steel by means of rolli g or wire drawing, in this case the

steel structure also becomes to a considerable degree martensitic, Fur-

ther strengthening of the work-hardened steel is achieved by aging at

4 5o-J48o0". The intensity of the strengthening of the work-hardened steel

depends primarily on the cold deformation temperature, with increase of

the deformation temperature the rate of strengthening is reduced sig-

nificantly. As a rule, in the strengthened condition the intermediate

class stainless steel has good thermal stability.

The properties of the intermediate class ,.ainless steels of the

same grade depend on the chemical composition: the higher the content
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of the alloying elements which lower the martensltlc point (nickel,

chromium, molybdenum, manganese, etc.)), the lower its strength, and the

greater the content of the elements which raise the martensltic point

(aluminum), the closer the steel becomes to the martensitic class and

the higher its strength. Carbon and nitroger. have a dual influence on

the intermediate class stainless steels. On the one hand, increase of

the content of these elements lowers the martensitic point and facili-

tates obtaining a more stable austenite in the soft quenched condition

and less i.n.tensive strengthening during cold treatment. On the other

hand, carbon and nitrogen increase the st.'ength of the martensite w;i.ich

is formed both during deformation of the austenite and during the cold

treatment of the steel. The effect of titani, m and the other elements

which form nitrides and carbides which are difficult to dissolve must

be considered primarily from the point of view of the reduction of the

carbon and nitrogen content in the solid solution. The chemical compo-

sition of the intermediate class stainless steels is shown in Table 1

and the mechanical properties are given in Table 2.

After heating to 1050* and air quench, the structure of the Khl5N-

9Yu steel is austenl.tic, and the Khl7N5M3 and Khl7N7Yu steels are aus-

tenitic plus 10-25% 6-ferritic. The mechanical properties of the Khl5N-

9Yu and Khl7N5M3 steels at high temperatures aic presented in Table 3.

The physical properties of the KhI5NQYu steel are: me in the

strengthened condition is 7.66, in the soft condition it Is 7.75, a in

the strengthened condition is: ll.2-l106 (20-100°), ii.9-1d-6 (20-

200°), 12.2.10-6 (20-3OO°), 12.5"10-6 (20-4500) W/°C; the fiZur-s for

the KhlTN5M3 steel in the strengthened condition are: -y - 7.88, a =

- Jo. 4. 4o-6 (2O-lOO°) l/ 0 C.

The intermediate class stainless steel has the highest plasticity

after quench froin 10500, it can be deep drawn and stamped easily in
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the stee~l may be Inhibited as a r_,L'it (.f r -f

the austenite, achievcd by heating at terpera':-res fc, 2 '-CC u oak at

a temperature slightly below zero, and also by plastic deformatcon. For

most complete strengthening in the cold treatment, this treatment

should be performed as quickly as possible after the preliminary

quench. The parts should be loaded into a bath or chamber which has

been precooled to a temperature in the range of -500 to -7Q0.

Improvenment of the machinability of the intermediate class stain-

less steel is achieved by 'the use of the following anneal: heat to

7600, hold for no less than 1.5 hours, air or furnace cool to room tem-

perature, subsequent tempering at 6500 with air or furnace cooling. Af-

ter this treatment the steel structure is basically martensitic. In

fabricating parts from soft quenched mill products, account must be ta-

ken for the fact that as a result of the final strengthening during the

martensitic transformation during the cold treatment there is an in-

crease of all dimensions by 4 mm per meter.

In fabricating parts from mtill products in the annealed condition,

there is a reduction of the dimensions by 0.4•% at the time of the sub-

sequent quenching, and an increase of 0.4X% during' co1d treatment, i.e.,

in this case there is little change of the dimensions of the parts in

the final strengthened condition in practice.

The weldability of the intermediate class stainless steel is very

good in both the soft and the strengthened condition; no heating prior

to or after welding is required. Directly after-welding, the weld seams

have basically an austenitic structure and therefore they have high

plasticity and toughness along with relatively, high strength, close to

the strength of the basic metal in the soft quenched condition t; kg/

!mm 2 ). Having high plasticity directly 'after welding, the weld seams of
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the Int'mrrvdiat*- 'la~23tainlrýss n.1'-15 are co,3siderably !. .,,

in this ccndition to ncnpenetration, pores, and other 3tres3. conc,::ntra-

tors than weld seams of martensitic or pearlitic steel whtch has been

treated to the same strength. Taking account of the good weldability of

the intermediate class stainless steel in the fully strengthened condi-

tion, in many cases it is of advantage to fabricate large-scale welded

structures from elements which have been prequenched. Forging of the

Khl5N9Yu steel is performed in the temperature range 1200-8500, and for

the Khl7N5M3 and Khl7N7Yu steels in the range 1050-850*. With regard to

corrosion resistance, the intermediate class stainless steel surpasses

the 13% chrome martensitic steel and is somewhat inferior to the type

18-8 austenitic steel. The Khl7N7Yu steel is resistant to corrosion in

sea water. The intermediate class stainless steel is delivered in the

form of rod, sheet and strip.

References: Potak, Ya. M., Sachkov, V.V., Popova, L.S., Vysoko-

prochnyye nerzhaveyushchiye stdli perekhodnogo austenitnomartens itnogo

klassa [High Strength Stainless Steels of the Intermediate Austenitic-

Martensitic Class], Metallovedeniye i termicheskaya obrabotka metallov

[Metal Science and Heat Treatment of Metals], 1960, No. 5.

Ya.M. Potak
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skiy institut tekhnologii i niashino-
stroyeniy = Central Scientific Re-
search Institute for Technology and
Machinery

nL4 pts proportsional'nost' =proportionality

OTT!= otp =otpushchennaya = tempered

3aK =zak zakalennaya =quenched

HXX11fPCXIAMAI NIPRODMASh =Nauchno-issledovatel'skiy institut
produktsionnykh mashin - Scienti-
fic Research Institute of Produc-
tion Machinery

H=41WXIMAZI NIIMa7:MASh INauchno-issledovatel'skiy institut
khimicheskogo mashinostroyeniya
-All-Union Scientific Research and
Design Institute for Chemical Ma-
chinery Construction
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INTF.RNAL FRICTION- property of materials to discipate (convert in-

to heat) the mechanical energy which is imparted to a body in the pro-

cess of deformation. Internal friction is a typicall.y nonelastic proper-

ty which characterizes the degree of deviation from the behavior of per-

fectly elastic bodies. Hence the theory of elasticity does not at all*.

take internal friction into account. The internal friction mechanism

can be different: 1) flow of material (analogous to a viscous fluid),

which can be observed in both crystalline and amorphic bodies; 2) locial

or general plastic creep (primarily in the case of crystalline bodies).;

3) unlike the two abovtu =Pehanisms of internal friction, in which the

thermodynamic irrevers...n1il tuy is combined with geometric irreversibili-

ty due to the formation of residual (irreversible) macro- or micro-

scopic deformations, it is possible to have dissipation processes also

without the appearance of residual deformations. Reference is had here,

for example, to diffusion di-1lacements of atoms through distances of

the order of interatomic distances, disturbance of the temperature and

concentration equilibrium, etc. For example, elastic flexure of a rod.

initially held at a constant temperature gives rise to a temperature

gr, dient, since the '.1ongated fiters are z.o±ed and the compressed fi-

bers are heated up. Disturbance of the thermal equilibrium results in.

relaxation and equalization of temperatures with attendant conversion

of a part of the elastic into mechanical energy. A second example is

the elastic deformation of an alloy with an initially random di.stribu-

tion of the component atoms which is nonuniform with respect to zones.

Large atoms in the elastically deformed lattice of the alloy tend to
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..- pres• •or.es. -,n eaastiýz de'or-ation gives ri.e to a relaxa.tonr

process, that is, diffusion, w.hich brings the elati:ally deformed

body closer to the equilibrium state. The demonstrations of internal

friction in these case (hystoresis, damping, aftereffect, etc.) cc.a

take place independently of the presence of general and local plastic

deformation and also when the latter do not exist. The group of pheno-

mena which is related to the 2nd and 3rd of the enumerated internal

friction mechanisms is frequently called incompleteness of elasticity.

The following differentiation can be made between kinds of inter-

nal friction oni the basis of the extent to which they are local: 1)

Submicroscopic, for example, by diffusion, therr-.n conductivity, etc.

At moderate temperatures an important role is played by the distance

mechanism of internal friction, under which the energy dissipation take

place due to vibrations, brea.Kaway, and-other modes of dislocation dis-

placements. These processes may take place both in elastic and in plas-

tic deformations and they can interact with them. 2) In the form of

plastic microdeformation, when the entire body is, on the average, still

in tho elatUQ region. 3) Macroscopic, when viscous flow or plastic de-

formation of the entire body takes place. Thus, in the all-encompassing

sense of the word, we can refer to internal friction nonelastic pro-

cesses of varying nature, including diffusion, heat, electric and mag-

netic, damagability and initial failure, etc. However, it is conven-

tional to refer to internal friction primarily local processes: relaxa-

tion of stresses, camping of vibrations, hysteresis, aftereffect, and

other phenomena which accompany the deformation of an elastic body as a

whole. Demonstrations of internal friction are accompanied by changes in

a number of physical (temperature, changes in magnetic and electric

fields, appearance of internal stresses) and physio-chemical (structur-
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n .... t!a r. I. a . rI~ throuh relaxation du". to th'e zImul-

taneou3 effect of varlous processes. The ensemble of relaxation tLmes

(or their reciprocals) foins the reŽlaxation spectrum of the givun

material.

The following can serve as a measure of internal friction: 1) the

absolute amount of energy which was converted into heat (attendant to

repeated loadings referred to one cycle); 2) ratio of the amount of

energy converted into heat (dissipated) per cycle AW, to the maximum

potential energy of the cycle W, that is, the quantity W; 3) changes in

the area, width or height of the hysteresis lcop in single or multiple

loadings; 4) damping of free vibrations which is evaluated, for example,

by 6, the logarithmic damping decrement; 5) the width of the resonance

curve of Aw/w, where & is the deviation from the resonance frequency 6,

at which the amplitude of the induced vibrations is reduced by a factor

of two; 6) the quality factor Q which shows by what factor does the am-

plitude of stationary induced vibrations on resonance exceeds the am-

plitude of these vibrations away from resonance, or its reciprocal,

Q-. All these quantities are interrelated:

Q-n - • "I
2AW A A

The methods of measurement of internal friction can be based: 1)

On static measurements. Here a comparison is made of loading and unload-

ing curves attendant to static deformation with an accuracy sufficient

for finding divergence between the loading and unloading branches of

the diagram. The comparison can be performed either with respect to the

relative width 'y of thi hysteresis loop (referred to the greatest

strain), or with respect to the relative area I of the hysteresis loop

(referred to the highest energy of the cycle). 2) On measurements at-
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given ccpltude of indu"ed v-.rations a measurefwnt in taken of the

quantity of di'ssipated energy, or for a specified vibration force a

measurement is made of the amplitude, etc. 3) On measurements attendant

to longitudinal, transverse, flexural or torsional damped vibrations,

where the extent of damping measured under specified conditions serves

as the characteristic of internal friction.

Study of internal friction is important: 1) As a sensitive method

for discovering and studying structural changes. In this case of pri-

mary importance is not the absolute value of internal friction, but its

variation as a factor of the value and character of the load, tempera-

ture, composition, structure and other factors. The method of internal

friction can be used to study many phase transformations, in particular,

the Kinetics of the disintegration of supersaturated solid solutions,

diffusion parameters, solubility limits of solid solutions, displace

ment of boundaries of spontaneous magnetization in ferromagnetic materi-

als, dissipation of oscillation of the crystal lattice of metals, etc.

2) For characterization of the material's capacity to reduce (equalize)

the maximum vibration stresses. In these cases an attempt is made to

achieve, all other conditions remaining equal, highest internal fric-

tion. For example, when the iziternal friction is reduced by a factor of

two and the vibrations are damped, the vibration-induced stress peaks

increase in service and result in fatigue failure of stcam-turbine

bur-kpt•. However, frcq-,-?r1- trip .+'-uctural damping," for example, in

couplings, joints and hinges plays the major role, since its amplitude

exceeds appreciably the damping of material by internal friction. 3) To

characterize the materials of precision instruments such as manometers,

* . altimeters, flowmeters, barometers, etc. It is desirable that the mater-

ials of the elastic elements of these instruments should have the small-
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e.-t deviation butween th., loadini; and unloadinq. brancrh,-, :;ir-u thu iT-

dications of the in.strument shouldi not depend on whether the mra.'ure-

ment was taken in the process of' loading the elastic element ("from the

bottom") or unloading it ("from the top"). In these cases an eztimatf, sn

the basis of the size of the hysteresis loop is most suitable.

References: Finkel'shtein, B.N. Relaksatsionnyye yavleniya v tver-

dykh telakh [Relaxation Phenomena in Solid Bodies], in the collection:

Relaksatsionnyye yavleniya v metallkh i splavakh [Relaxation Phenomena

in Metals and Alloys], Moscow, 1960; Vnutrenneye treniye (Internal

Friction], in the book: Fizicheskiy Entsi.lcopedicheskiy slovar' (Ency-

clopedical Dictionary of Physics], Vol. 1, Moscow, 1960, page 284;

Uprugost' i neuprugost' metallov [Elasticity and Inelasticity of

Metals], Collection of translations, Moscow, 1954.

Ya. B. Fridman
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INTERNAL STRESS is the stress existing within-the limits of a

S.,ody (sometimes a system of connected bodies or a portion of. a body)

which is in equilibrium with nonuniform deformation within the body

without the application of external forces to the body. From the condi-

tion of equilibrium it follows that the-sum of the internal loads

.(foreces, bending and torsional moments) from. the internal stresses is

equal to zero. Therefore, for example, tensile stress in one zone cor-

responds to compressive stress in another zone. The smaller the sec-

tion in one of the zones, the higher the stresses in this .-one. The in-

ternal stresses and divided into residual stresses and transient stress-

es, which disappear after removal of tneir cause. An example of the

latter might be the thermoelastic stresses in an elastic body (with oc-

currence of a nonlinear temperature gradient in the body), or in the

thermal bimetals, in which metals with sharply differing coefficients

of thermal expansion are in intimate contact.

Ya.B. Fridman
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INVAR-- is an Fe alloy with 36% Ni (N36), characterized by a very

low linear expansion coefficient (a < 1.5"10 in the temperature

range from -80 to +1000). It is utilized for the prcduction of tape

measures, rules, geodesic wire, and parts of measuring instruments

whose dimension must be constant within the range of climatic tempera-

ture changes. It is delivered in t.'e form of tapes with a thickness of

0.2-2.0 mm, in sheets with a thickness of 3-11 mm, as wire with a

thickness of 0.1-3.0 mm, and as fcrged rods with different diameters.

Fe-Ni-Co alloys with 30-31% Ni and 4-6% Co (Superinvar) possezz a par-

ticularly low linear expansion coeffluient. The N3OK4D (E1630A) alloy

(a < 1.10 within -60o and -4-600) is delivered in experimental lots for

parts of measuring instruments with a very high accuracy. The corrosion-

resistant Fe-Co-Cr alloy with 37% Co and 9% Cr (stainless Invar) shows

also a low linear expansion coefficient.

References: Livshits B.G., Fizicheskiye svoystva metallov i

splavov [The Physical Properties of Metals and Alloys], Moscow, 1956;

Smolyarenko D.A., and Kaplan A.S., "Standardizatsiya" [Standardization],

1959, No. 3, page 13.

B.G. Livshits, A.A. Yudin
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IJFFE'S EFFECT - is the increase in strength and plasticity of

rock salt effected by water. ThIs phenomenon was first ascertained by

A.F. loffe and M.A. Levitskaya. Rock-salt crystals proved a high

strength and plasticity when broken in hot water. The true ultimate

strength of individual samples reached 30-160 kg/mm2 approaching,

therefore, to the values of the theoretical strength. Rock-salt crystals

2have a low strength (up to 0.5 kg/mm2) and plasticity(6 less than 0.1%)

in dry state. Other researchers had subsequently also observed a signi-

ficant increase in strength (up to 5-10 kg/mm2 ) and elongation (up to

20-30%) in numerous experiments of stretching diverse varieties of rock

salt in water. Experiments had shown that water has an analogic effect

also on the crystals of other metal halides (KC1, for example). The

Ioffe effect is explained by dissolution of surface defects and cracks

which are removed and smoothened by the action of water. Owing to this

fact, not only the breaking strength of rock salt is increased, but the

rock salt becomes capable of plastic deformation; the strengthening oc-

curring in this way increases in turn the ultimate strength of the rock

salt. Water does not oily render harmless the surface defects which are

present in the initial state, but also the defects which appear on the

surface of the sample at the plastic deformation. Therefore, the

strength and plasticity of dry-rock-salt increase also, although in a

lower degree than when stretched in water, after a previous dissolution

of the surface layer in water (without load).

References: Ioffe A.F., Kirpicheva M.V., Levitskaya M.A., "Zhurnal

rus. fiz.-k-him. ob-va" [Journal of the Russian Society of Physical
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Chemistry), 1924, Vol. 56, No. 5-6; Kuznetsov V.D., Fizika tverdogo
tela (Solid State Physics), Vol. 2, Tomsk, 1941 (in collaboration with
M. A. Bol' shanrna).

S.I. Kishkina-26tner
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IONIZATION METHOD OF X-RAY AND GAMMA-RAY FLAW DETECTION- is the

cuntrol of the quality'of materials and objects by trans-illumination

and measuring the intensity of the radiation, which has passed the ob-

ject to be checked, by means of detectors transforming the radiation

intensity into an electric signal. The degree of weakening of the radia-

tion on the controlled section, and thcrefore, the presence of flaws

involving an interruption of the continuity of the material (blisters,

accumulation cf poras, etc.) or local changes in the thickness of the

checked object can be judged by the magnitude of the electric signal.

The procedure of checking a large number of monotypic objects can be

automatized. The main units of an ionization flaw detector (Fig.) are:

the radiation source (X-ray tube, Radioactive Isotope or Betatron) with

a collimator isolating a small radiation beam; the radiation detector.

(usually a scintillation counter when operating with current); the am-

plifier, and the recording or signalling output-device. A small section

of the object, corresponding to the cross section of the operating

radiation beam is radiated in each instant of time; the total object is

checked successively by moving of the object relatively to the source -

detector system. The limit thickness of the radioscopy is determined by

the penetrating capacity of the used radiation and can approach 500-600

mm for steel and cast iron when betatrons are used. The sensitivity of

this method is of the same order as the photographic control, but the

efficiency is significantly higher especially when very thick objects

must be checked.
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Fig. Scheme of the ionization flaw detector: 1) Radiation source; 2)
collimator; 3) object to be checked; 4) radiation detector; 5) ampli-
fier; 6) output device.

L.K. Tatochenko
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IRIDIUM, Ir- is a chemical element of the VIIIth group of Mende-

leyev's Periodic System, atomic number 77, atomic weight 192.2 Ir 1 9 1

(38.5%) and Ir 1 9 3 (61.5%) are the stable isotopes. The metal belongs to

the platinum family; its occurrence in the earth's crust is equal to

1.-l-7% by weight. Its density is 22.4 g/cm3 , top, is 24100. It is a

very hard and brittle metal. It is mined together with platinum. The

high-melting characteristic, the inoxidability at high temperatures,

and the hardness are its most valuable features for technical purposes.

The plce of iridium is iligher than that of platinum due to the rarety

of the former. See Noble Metals.

0. Ye. Zvyagintsev
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IRON, Fe - is a chemical element of the VIII Group of Mendeleyev's

Periodic System; atomic number 26, atomic weight 56.85. It consists of

4 stable isotopes: Fe5 4 (5.84%), Fe5 6 (91.68%), Fe5 7 (2.17%), and Fe58

(0.31%). The degree of purity attained is 99.98%; it melts at 15390; it

exists in solid state in two allotropic modifications. Up to 9100, iron

exists in the a modification characterized by a body-centered cubic

lattice. The a modification turns above 9100 into the y modification

with a closely packed face-centered cubic lattice (Fig.); this modifi-

c~tion is stable up to 14000. Above 1400, the body-centered cubic lat-

tice, termed as 6 modification (although it is analogous to the a modi-

fication), becomes stable anew. Commercially, pure iron is used mainly

in electrical engineering for the production of cores of electromagnets,

rotors of electric motors, etc. Iron powder is widely used for the pro-

duction of machine parts by means of powder metallurgy, and also as a

base for steel production.

Fig. Scheme of the change of the crystalline structure of iron on heat-

ing (the value of the lattice constant is given for 200).
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TABLE 1

Mechanical Properties of Iron of
Different Purity
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1) Properties;. 2) purest iron; 3)
electrolytic iron (annealed); 4)
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steel (annealed); 6) kg/mm2 .

TABLE 2
Physical Properties of Iron
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1) Properties; 2) commercial pure iron
of large-scale productio:; 3) remelted
electrolytic iron and si:itered carbonyl
iron;. 4) purest iron; 5) cal/cm, sec.
6) cal/g C; 7) heat capacity (0-i00,
cal/g); 8) ohm-mm2/m; 9) self-diffusion
(kcal/g-atom); 11) residual magnetic in-
duction (gauss); 12) coercive force
(oersted); 13) magnetic saturation (gauss);
14) maximum magnetic permeability; 15) up
to.

"M. L. Bernshteyn
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ISOPERM- see Magnetic Material with Increased Permeability.
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ISOTROPIC MATERIALS- are homogeneous materials whose properties,

in contrast to anisotropic materials, do not depend on the direction of

the measurement. All "structureless materials - glasses, certain poly-

mers (rubber, polystyrene, etc.), gases and fluids, free from the ef-

fect of force fields, are isotropic. Many polycrystalline materials are

macroscopically Isotropic if a texture is absent, i.e., if the crystal

lattices in the different grains are chaotically disorientated. These

materials are zaore stricly termed quasiisotropic because they are

anisotropic within each grain (in the microvolumes). Spatially directed

external effects, mechanical and thermal stresses, etc., displace con-I (forming to a rule the particles of bodies and transform the latter from

the isotropic into the anisotropic state (fluids running in pipes,

stretched polymers, etc.). This effect is utilized particularly in the

optical method of the investigation of stresses.

Sh. Ya. Korovskiy
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ISOVIL- see Polyvinylcnloride fiber.
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JET - a variety of bituminous, dense, tenacious, low ash-content

coal which is easily machined. The composition is not constant, it is

characterized by a high content of volatile fractions (above 50%) and

hydrogen (up to 9%). On the average Jet contains (in %): C 70-80,

H 6-8, 0 14-19, N up to 1; when burned the residue contains less than

0.'5% ash, 40-45% of coke and 55-60% of volatile fractions. The specific

weight 1.2-1.4, Mohs hardness 3-4, pendulum hardness (in secs.) 29-40,

the porosity does not exceed 0.25%. The color Is black-brown or black.

2Yoang's modulus 300 kg/cm , ultimate compressive strength up to 1000,

ultimate flexural strength 300, ultimate tensile strength 350 kg/cm2.

Jet has good dielectric properties: dielectric coefficient 7-12, spe-
2.6.l8108 101

cific volume resistivity 2 -. 9"lO ohm-cm, the dielectric losses

angle tangent is 0 4-0.9. Jet is easily cut by a knife, drilled, sawed,

planed, takes threading, is beautifully polished. In thin plates it is

elastic at room temperature, at 1000 it can be twisted and forge rolled

retaining the shape thus imparted on cooling. When heated to 250-275,

Jet generates gases and at 4C0 0 it burns. It resists cold hydrochloric

and particularly phosphorus acids and alkalis. It decomposes in sulfur-

ic and nitric acids.

The use of Jet is based on its dielectric properties, chemical

stability, attractive, lustrous, deep black color, the feasibility of

machining by simple tools. It is used for components of radio and tele-

phone apparatus, noncritical components of textile and other machines,

in chemical machine building as an acid and alkali resistant material,

for the production of art articles. Jet can be used as a filler of

2176



I-2G1

plastics and rubbers. It is machined by metal-cutting and woodworking

machine tools (circular saws, lathes, etc.), frequently upon heating, to

120-150°.

References: Rybin, A.A., Gagat, yego rnestorozhdeniya, obrabotka i

primeneniye (Jet, Its Deposits, Machining and Utilization], "Byul.

Tsentral'noy n.-i. labor. kamney-sarmotsvetov" [Bull. of the Central

Scientific Research Laboratory for Gems1, Issue 5, No. 2, pages 11-26,

1953.

V. 1. Fin'ko
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KALAKUTSKIY'S METHOD - is a method to measure the radial and cir-

cular residual stresses in discs. The disc Is marked on its face with a

number of concentric rings, in each the initial diameter is measured by

drawing graduation lines. Then the disc is cut into rings, the diameter

of the rings are measured anew, and the radialand circular residual

stresses are calculated based on the changes in the diameter values.

The magnitude of the radia stresses which relax when the ring is cut,

and which cause partially its deformation, is neglected in a simplified

* variation of the Ke.lakutskiy's method. Further Kalakutskiy's method was

simplified by McRee and Klein. The residual stresses are determined by

the formula 0om,'- ,- , where at are the normal circular stresses,

Sare the radial stresses, g is the Poisson's ratio, E is the normal

modulus of elasticity, and AD is the change of the diameter D caused by

cutting out the ring. The minus sign in the right part of the formula

indicates the appearance of stretching residual stresses when the dia-

meter decreases (AD < 0), and of compressing ones when the diameter in-

creases (AD > 0). In the case of a great stress gradient along the

thickness of the rings, the rings are in addition cut radially, and the

not-detected part of the residual circular stresses at in the outer fi-

bers of the ring is determined by the formulae a, . , or a,

where 6 is the thickness of the ring; AD, is the 'mean change in the ring

diameter D after it is cut along the radius,. Aais the change in the

distance between the marks on both sides of the gap which arises when

the ring is cut along the radius. The exactness of the last two formu-

lae is sufficient if the ratio of the radius to the thickness is not
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less than 10.

Literature, see Residual Stress.

Ya.B. Fridman
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KAOLIN - is a loose rock with white color, consisting of the argil-

laceous minerals kaolinite, halloysite, hydromicas and greater or fewer

impurities as quartz, feldspars, micas, rutile, iron oxides, and other

minerals. Primary and secondary (redeposed) kaolins are distinguished.

Kaolin concentrates obtained by enrichment of natural, mainly of pri-

mary kaolins, consisting essentially of the mineral kaolinite, are uscd

in the industry. Kaolinite is the main argillaceous mineral of kaolin

(nacrite and dickite, differing from kaolinite in structure, occur con-

siderably more rarely in nature). Kaolinite is a schistous alumosili-

cate hydrate with the composition: A12 03 " 2SiO4 2H2 0 (46.54% Si02 ; 39.50%

A1 2 03 ; 13.96% H2 0); it is triclinic, and is one of the most widespread

- ... in nature polymorphous modifications of this substance. It occurs in

the form of segregations of white-colored lamellae with a pseudo-hexa-

gonal shape and a size of some microns, very perfectly cleavable along

(001). The Mohs hardness is 1-2, the specific gravity is 2.58-2.60; the

weight by volume is 1.8-2.2 g/cm3 ; the refraction indices are: ng =

-1.566; np= 1.560. The heat of wetting is 1-2 cal/g; the specific heat

(in Joules/g) is 0.99 at 00; 1.17 at 2000, and 1.35 at 4000. Kaolinite

loses water and transforms into metakaolinite when heated to 550-6000.

The dehydration of kaolinite is accompanied by a heat absorption of

95-100 cal/g. When heated further, metakaolinite transforms at 925-9500

into alumosilica spinel (giving off 16.5 cal/g), which at 10500 is

transformed into mullite contaminated by crystobalite. Kaolin is hydro-

philics, i; forms with water a suspension or a plastic body; the coher-

ence of kaolin is considerably lower than that of other plastic refrac-
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tory clays and does not exceed 7-10 kg;/cm2 , the cementing power is low,

the sintering temperature is 1300-1350. The refractoriness is 1750-

1800. Hydrochloric and nitric acid have almost no effect on kaolin,

sulfuric acid decomposes it easily, especially when heated. Kaolin has

found a very varied and wide utilization in industry, which is based on

its diverse physicochemical and physical properties: hydrophilic nature,

high dispersity, white color in natural and fired state, high refrac-

toriness and high content in alumina, plasticity, chemical inertness,

high 3lectric properties in fired state, etc. Kaolin is used: 1) as

an active filler for paper (250-300 kg kaolin are consumed for 1 ton of

paper), for rubbers (10-12% by volume), for plastics, for composition

materials, etc.; 2) in the production of glue-colors and oil-paints as

a white pigment (in 'ired state) instead of titanium white; 3) in cera-

mics for the production of China clay and faience; 4) for the produc-

tion of refractories; 5) in the chemical industry for the production of

aluminum sulfate, alumina, ultramarine, as a catalyst for the cracking

of hydrocarbons, as a carrier and filler for insecticides and fertiliz-

ers; 6) in the production of oilcloths, pencils, perfumeries and cos-

metics, and in other industrial branches.

References: Nemetallicheskiye iskopayemyye SSSR (Nonmetallic Miner-

al Resources of the USSR]. (Collection of Papers), Vol. 4, Moscow-Len-

ingrad; Otsenka mestorozhdeniy pri poiskakh i razvedkakh (Evaluation of

Deposits in Prospecting and Exploration), No. 11; Samoylov V.F., Mel'-

nikov I.I., Kaolin, Moscow, 1951; Betekhtin A.G., Mineralogiya [Minera-

logy], Moscow, 1950.

V.I. Fin'ko
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KEROSENE-CHALK METHOD OF FLAW DETECTION - consists in putting kero-

sene on the surface of the piece to be checked, which fills the hollows

of the flaws. Thereupon, the excess of kerosene is removed from the sur-

face of the piece and a chalk cover is applied. After some time, the

kerosene issuing from the flaws impregnates the chalk cover. The pre-

sence of flaws can be detected on basis of a darkening (getting yellow)

of the chalk cover which reproduces the features of the flaw. The kero-

sene-chalk method of flaw detection has a low sensibility, it is there-

fore used only for the detection of flaws on objects with a lower re-

sponsibility (see Capillar Detection of Flaws).

S.I. Kalashnikov
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KERSEY - is a tight multilayer combined-weave cotton fabric used

for technical purposes. Kersey is manufactured in a raw and in a smooth-

dyed form. The main characteristics of kersey are listed in the Table.

In the printing trade kersey is used as a technical fabric to cover the

drums of lithographic machines. It must have a uniform thickness, a

smooth surface, and a strong resistance to stretching.

TABLE

The Main Characteristics of Kersey

' ' P 7¶Ua YJAUNN0
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I1ISICACAO6I.N,0OP6I - CYpOSA• 14 9II020 1I.9411 101 31 2o I.o

ON DiPPUINS11 MAN

Irn1WUNIM "a 0c304e
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641. 5

1) Fabric- 2) characteristics; 3) weight per 1 m (g); 4)
width (cm5; 5) breaking load (kg, not less than), for a
20 x 200 mm strip; 6) elongation (%, not less than), 7)
along the warp; 8) along the w-cf; 9) double layer; 10)
bleached, dyed; 11) the same; 12) dyed; 13) three-layer,
with application of rubber- or polychlorovinyl films;
14) crude.

S.Ye. Strusevich
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KIESELGUHR - is a loose or compact mineral composed mainly from

hydrated silica particles. With regard to the composition, the proper-

ties and the application, it is identical with tripoli earth. Variants

of tripoli earth, used as adsorbents, are named kieselguhr.

P.P. Smolin
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KNOPITE - see Perovskite.
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KOL'CHUG ALUMINUM- is the first Soviet alloy of the Duralumin

type produced in the Koltchugino Plant in 1922. The chemical composi-

tion (in %) is: 4-5 copper; 0.5-0.6 magnesium; 0.3-0.5 manganese; 0.2-

-0.6 nickel; 0.3-1 iron; 0.2-0.4 silicon, the rest is aluminum. The

physical properties are: density 2.9 g/cm3 , modulus of elasticity 7300

kg/mm2 . The alloy is hardened by heat treatment and, dependent upon the

type of the intermediate product, produces the following properties:

ob = 36 -4 2 kg/mm2; o0.2 = 19-23 kg/mm2 ; 6 = 15-22%; HB 90-100 kg/mm2 .

It is no longer used.

References: Butalov V., "Kol'chugalyumin" (Kol'chug Aluminum),

"Vestnik metallopromyshlennosti," 1924, No. 1-3.

O.S. bochvar, K. S. Pokhodayev
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KURALON is a synthetic fiber produced in Japan in the form of film

and staple fiber (see Polyvinyl Alcohol Fiber).
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KURPLETA is a triacetate fiber (staple and filamentary) produced

in England (see Triacetate Fiber).

2188



II-40k

KU1RT'EL' is a synthetic carbo-chain, polyacrylonitrile modified fi-

ber used in the textile and knitwear industries. It is produced in the

form of staple fiber (NM el. 6000, 4500 and 3000, fiber length from 36

to 150 mM) with circular cross-section. The fiber is resistant to sun-

light and microorganisms. The specific weight of the fiber is 1.17,

moisture content at standard conditions is 2 percent, swelling in water

is 20 percent by weight. Softening temperature is 1600, burning temper-

ature is 2300. Shrinkage in boiling water is 1 percent (fiber is also

produced with 19 percent shrinkage for fabrication of high-volume yarn).

For other physical and chemical properties see Modified Polyacryl-

onitrile Fiber.

Breaking length in the dry condition is 27-31.5 kon; in the wet con-

dition it is 22.5-27 kin; elongation in the wet condition is 30 percent.

Kurtel' is colored using the dispersion and basic dyes which give the

fiber colors which are resistant to sunlight and washing. Kurtel' is

used in the pure form and in combination with wool (to give products

stability of formi and dimensions). Products made from Kurtel' are nota-

bly wrinkle-free.

L.M. Musichenko-Vasil 'yeva
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KYANITE (disthene) - is a mineral of the class of silicates

(Al2QSi05); it is similar to sillimanite and andalusite with regard to

the composition and application, and differ from them in the structure

of the crystal lattice and in. some physical properties; it has usually

up to 1-2% (sometimes up to 7%) Fe 2 03 as an isomorphous impurity. Its

color is azure or blue, green, yellow, or grayish-bcown; it is rarely

colorless or black. The hardness is inequal in the different directions:
.along crystal, and 6-7 across the crystal (according to the

Mobs scale). It is brittle. The specific gravity is 3.56-3.68. It de-

composes at 1000-13800 (according to the diverse sources) and forms

mullite and alumina glass, the volume increases at the same time by 205.

Products with a porosity of 25-10% and a weight by volume of 2.6-2.7

g/cm3 may be obtained in the production of mullite refractories depend-

in7 on the binder and the preheating. The products from kyanite have,

in contrast to silimanite products, a somewhat higher mechanical'

strength; the resistance to abrasion, determined in Richter's device

(in mm) is: 0.4 at 1000 m wavelength, and 0.6 at 3000 m. The coefficient

of the thermal expansion is 0.43-0.5 at 10000. The heat endurance (ac-

cording to different sources) is equal to 15-50 cycles (with a tempera-

ture drop from 850±5*). Objects from kyanite dissolve more readily in

strong acids than sillimanite piroduts; 68-78% remain insoluble in hy-

drofluoric acid. Kyanite is better extractable by flotation than silli-

manite and andalusite. Kyanite is the most widely used mineral of the

sillimanite group.

P.P. Smolin
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LACQUER AND PAINT COATINGS are coatings which are widely used for

protection of metallic products from corrosion, nonmetallic materials

from moistening and rotting, and also to give the products and materi-

als special properties and a decorative appearance. The lacquer and

paint coatings are liquid or paste-like solutions of resins (polymers)

in organic solvents or vegetable oils with additions to them of finely

dispersed mineral or organic pigments, fillers, drying agents and cer-

tain special substances. After application to the surface of the pro-

duct to a thickness of 100-150 microns, the lacquer and paint coatings

dry with the formation of a film which has valuable technical and dec-

orative properties. The film properties are determined by the proper-

ties of the film-forming substance and the pigment. We differentiate

two groups of lacquer and paint coatings. Those of the first group form

nonconversion or conversion films as a result of the physical process

of the evaporation of the solvents. The film-forming substances are:

low-molecular natural resins (shellac, resins, bitumens); various sim-

ple and complex cellulose esters; synthetic resins: low-molecular (idi-

tol) and high-molecular (perchlorvinyl, polystyrene, polyvinylacetate

and others). Those of the second group form conversion or nonconversion

films as a result of the complex physico-chemical processes of oxida-

tion, polymerization, condensation or simulatancous polymerization and

condensation. The film-forming substances are: low-molecular vegetable

oils; low-molecular synthetic resins (polyurethane, alkyd, epoxy, urea-

and melamine-formaldehyde, phenolic and others); high-molecular (rub-

bers and others).
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The lacquer and paint coatings are used for painting: exterior

(aircraft, automobiles, railway cars, motorcycles, heavy machine con-

struction equipment, etc.); interior (instruments, interior surfaces of

railway cars, etc.); special (labeling of rubber, leather, etc.); tem-

porary (protection of metal during transport and temporary storage);

chemical resistant (protection against moisture, acids, alkalis, com-

bustibles, aggressive gases, organic solvents); heat resistant, sup-

porting temperatures from 100 to 10000 with retention of protective

properties and exterior appearance; waterproof (protection of under-

water portions of ocean and river vessels, hydrotechnical installations,

etc.), which retain their properties under water for long periods and

prevent the formation of surface fouling by microorganisms and algae;

illumination (screens, light reflectors, etc.), which have a high light

reflection coefficient; bactericidal, which prevent the growth of in-

fectious microorganisms on the painted surfaces; and also for the elec-

tric insulation protection of various electric machines, radio equip-

ment, artistic paintings, etc. A unified nomenclature and designation

for lacquers (TU-KU-471) and for enamels (TU-KU-472) is used in the

USSR. The designation for the lacquers and enamel paints is composed

from the name of the basic resin appearing in the composition of the

material, a nomenclatLre symbol (field of application), and the designa-

tion of the external form of the coating. The protective lacquer and

paint coatings for various surfaces are different: for the metals they

usually consist of a primer layer, having anticorrosion properties, and

an outer layer of enamel paint which prevents penetration of moisture

and aggressive ions to the metal surface; for wood they consist of a

primer layer which has pore-filling and sealing properties and an outer

waterproof layer (lacquer or paint). Puttying materials are used to

smooth the surface prior to painting. The outer paint layers must cor-
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respond to the specified operating conditions: atmospheric resistant,

water resistant, resistant to microorganisms, chemical resistance, etc.

The production of the lacquer and paint coatings consist of the follow.

ing technological operations: preparation of the surface, application

of the lacquer or paint material, drying of the coating film. The pre-

paration of the surface prior to painting determines the quality of the

coating. A rough surface, oxide, phcsphate and other films improve the

paint adhesion, which improves its protective effect. The lacquer and

paint coatings are applied by brush, spatula, dipping, pouring, pulver.

ization, spraying, compressorless spraying or spraying in an electro-

static field. Stamp or roller application is also used. The lacquer and

paint coatings are dried at 15-35* (cold method) or at 80-1800 (hot me-

thod). Most of the conversion lacquer and paint coatings based on the

thermoreactive resins give high quality coatings only with hot drying.

The use of hot drying depends on the size and material from which the

product is made. High temperatures accelerate the drying by several

fold and improve the film quality. Hot drying on conveyor lines is par-

ticularly effective. The existing drying devices are divided in o three

types on the basis of the method of thermal action: convection heating

with hot air), thermoradiation (heating by thermal rays), and i, duction

(heating by induction currents). In some cases the painted article is

subjected to grinding and polishing using special pastes. With ime,

the lacquer and paint coatings deteriorate. Periodic treatment of the

painted surface with special prophylactic pastes is recommended in or-

der to improve service life under atmospheric conditions.

References: Drinberg A.Ya., Gurevich Ye.S., Tikhomirov A.V, Tekh-

nologiya nemetallicheskikh pokrytiy [Technology of Nonmetallic (oat-

ings], L., 1957; Drinberg A.Ya., Tekhnologiya plenkoobrazuyushchlch

veshchestv [Technology of Film-Forming Substances], 2nd ed., L.ý .1955;
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Organic Protective Coatir.&a, coil,. of articles transi. from Eng.. M.-L.,
1959; Lyubini,vr B.V., Spetsialtnyye lakokraso Ichyye pokrytiya v mashino-
sti'oyenii [special Lacquer and Paint Coatings in Machine Construction],,ý

L.-L.0 1959.

V*V., Chebotarevski'y
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LACQUER AND PAINT COATINGS FOR THE ALUMINUM ALLOYS. Depending on

the type of alloy, the construction of the part, the purpose of the

item, the operational conditions and other factors, the protection of

the aluminum alloys and parts made from them from corrosion is accom-

plished by chemical or electrochemical oxidation, by oxidation and

painting (see Corrosion of the Aluminum Alloys). The most reliable me-

thod of protection is electrochemical oxidation in combination with

painting, the latter often serving as a decorative coating as well. The

lacquer and paint coatings consist of a passivating primer, a passivat-

ing primer and finishing coatings, the lacquer coatings. The selection

of a particular lacquer or paint coating is determined by the type of

alloy, the oxidation method, the thickness of the oxide film and the

method of sealing of the film (in water or in chromate solution), the

usage of the item and the operational conditions. Complete isolation of

the protected surface of the metp" can be achieved only in the case

when the coating is fully impenetrable to gas and water. Obtaining such

coatings is quite difficult, frequently it is necessary to apply a

large number of layers to achieve this. But this weakens the adhesion,

makes painting expensive and increases the weight. The most reliable

protection of aluminum and other metals from corrosion is provided by

coatings consisting of primers with passivating pigments and outer in-

sulating layers. The insulating layer serves simultaneously for decora-

tion. For aluminum and its alloys the passivating pigments are zinc and

strontium chrome pigments, and also zinc tetraoxychromate. In addition

to the methods of painting and the nature of the lacquer and paint ma-
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terials, the form and the quality of preparation of the surface effect

the protective quality of the coating, other conditions being equal.

Obtaining strong coatings on aluminum is made difficult by the weak ad-

hesion of many lacquer and paint materials to the aluminum. As a result

of this, the coatings applied to the metal without preliminary prepara-

tion can easily delaminate under the influence of atmospheric or other

factors. Improvement of the adhesion of the coatings to the metal is

achieved primarily by chemical or electrochemical oxidation. The oxide

film obtained by the chemical method has weaker protective properties

and provides less improvement of the bond with the metal than the oxide

film obtained by the electrochemical method. Sealing of the oxide films

in a bichromate solution improves their protective properties and aids

in strengthening the adhesion of the coatings.

All forms of coatings intended for the protection of the products

made from the ferrous and other metals are also suitable for the pro-

tection of aluminum and its alloys, with the single difference that on-

ly the zinc chromate primer can be used for priming aluminum and, in

addition, usually fewer layers of coats are applied to aluminum and its

alloys with the exception of the cases of protection against the action

of various aggressive media.

For products operating in atmospheric conditions, use is made of

the aluminum alloys which are most resistant to corrosion. Depending on

the method of preparation of the surface, the following coating varn-

ants can be used.

1st variant. The details of the products are anodized either by

the sulfuric acid method with the formation of an oxide film no less

than 8 microns thick, or by the chromic acid method with an anodic film

no less than 3-5 microns thick with subsequent sealing in water or a

potassium bichromate solution. Thanks to the relatively high corrosion

2196

- --



II-47k2

resistance of the anodic film, we can limit ourselves for external zur-

faces to only lacquering with two layers of 170-A lacquer or the 9-32f

and AS-82 lacquers. In contrast with enamel painting, which gives the

product a definite color, the lacquer coating permits retaining the me-

tal color. An adequately atmospheric-resistant coating based on the

170-A lacquer (two coats) is formed after drying each coat at 70-80"

for 4-5 hours. Drying at normal temperature reduces the atmospheric re-

sistance of the coating considerably. The lacquer is applied by dipping,

brushing or spraying. The working viscosity of the lacquer applied by

dipping is.12-16 seconds, while that applied by spraying is 20-30 se-

conds, measured by the VZ-4 viscosimeter. Thinning of the lacquer to

working viscosity is accomplished using xylene or a mixture of xylene

with white spirit at. a ratio of 1:1. The 9-32f lacquer is quick drying.

It has good adhesion with oxidized dural. The adhesion and the gasoline

resistance of its coating increase significantly with drying at 800 for

no less than 4 hours or at 120* for 1.5-2 hours. To obtain better pro-

tection, two coats of fast-drying AS-82 lacquer, cold-dried, are ap-

plied on top of the 9-32f lacquer. The coating based on the 9-32f and

AS-82 lacquers has high atmospheric resistance but limited gasoline and

kerosene resistance. The lacquers are applied using paint sprayers. The

lacquer is thinned to working viscosity (12-14 sec) with R-5. If the

product is to be color coated, use can be made of atmospheric-resistant

enamels. The internal surfaces of products fabricated from clad dural

or the AMg and AMts alloys and anodized using the sulfuric acid method

with oxide film thickness of 8-10 microns, or by the chromic acid me-

thod with films of 3-5 microns in thickness, can be coated either by

the indicated lacquers or by the enamels and can be primed by the fol-

lowing zinc chromate primers: ALG-l, FL-03Zh, ALG-14 or AT-3a. Details

fabricated from unclad dural and used inside the product are oxidized
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and covered with zinc chromate primer, while products which require a

decorative finish are coated with two layers of glyptal or other enamel

after priming.

2nd variant. The parts are anodized in a sulfuric acid solution or

are chemically oxidized with the formation of a film 3-5 microns thick.

The protective properties of the 3-5 micron anodic film are considera-

bly less than the 8-10 micron thick film.

To obtain reliable protection on the exterior surface, there is

applied a het-dried coat of ALG-l primer or AG-3a, or ALQ-14 or FL-O3Zh

and then two coats are applied of the same enamels as used in the 1st

variant. The interior surfaces are protected Just as in the Ist variant

with the exception of the lacquering. In this case a single lacquer

coat is not sufficient for protection.

3rd variant. The details are not anodized nor chemically oxidized.

Protection is provided by means of application of one or two coats of

zinc chromate primer and two or three layers of enamel. If a decorative

finish of the internal surfaces is not required it is possible to limit

ourselves to two primer coats. This variant of the protection is weaker

than the first and second variants.

In order to give parts and inst :uments made from the aluminum al-

loys an attractive external appearan'e, use is made of various decora-

tive coatings, for example, the "cra'kle" lacquers, "frosted" lacquer,

"moirV" enamels, hammered finishes, etc. To obtain the "frosted" coat-

ing use is made of the oil-base lacquer 331 (TU MKhP 1045-43), and to

obtain the "moire" coating use is made of the so-called moir6 enamels

of various colors. Prior to the appl cation of the 331 lacquer the sur-

face is painted with one or two coat of oil-base or glyptal enamel and

dried at 75-800 for 4 hours. Then'th• surface is polished with a fine

abrasive cloth after which the lacquer is applied. To form a pattern

29ý.

-- ~a-~~-.e'- ~ -



Ii-47k4

the lacquered part i. placed for 25 minutez; in a dryinr; .harmlber at a

temperature of 55-650 in which there is created an atmosphere zaturated

with the products of incomplete combustion of kerosene or i11luminating

gas. The nature of the pattern obtained depends on the lacquer viscosi-

ty, the thickness of the coating applied, the drying rcgime, etc. After

the appearance of the pattern, the lacquer coating is maintained at 15-

25* for 24-30 hours. Prior to finishing with the "moire" enamel, an oil-

base or glyptal zinc chromate primer is applied. The dimension of the

pattern (texture) depends on the enamel viscosity and the thickness of

the layer applied. Drying of the coating is performed in two stages:

first the pattern is "developed" by heating for 25-40 minutes at 75-80 ,

then the film is given a final drying and fixing with exposure for 2

hours at 150-160* for enamels of dark-gray color and black color and

with exposure of no less than 4 hours at a temperature of 75-800 for

the clear enamels and at 90-1000 for the brown, blue and red. The

"moire" coating covers small surface defects quite well.

The hammered-finish coatings of various colors find wide applica-

tion for decorative finishing (see Hammered Lacquer and Paint Coatings).

The protection of the aluminum alloys from attack by chemical re-

agents is accomplished by chemically resistant coatings (see Chemically

Resistant Lacquer and Paint Coatings), and protection frcm attack by

various forms of fuels and oils is provided by the gas-kerosen-oil re-

sistant coatings (see Gas and Oil Resistant Lacquer and Paint Coatings).

Cast details made from the aluminum alloys are impregnated with

lacquers under pressure in order to fill the pores. For this purpose

use is made of the bakelite lacquer (GOST 901-56) and the 101/19 primer-

enamel (TU MChP 1573-47). Prior to impregnation the details are de-

greasted, heated to 70-800, loaded into a basket and placed in a tank

in which they are held for 10 minutes at a vacuum of 580-600 mm Hg. Af-
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ter this the impregnating lacquer or enamel which has been preheated to

50-65" is admitted to the tank, air is pumped into the tank to create a

pressure of up to 4 atm. which is maintained for 10 minutes, after

which the pressure is reduced to normal, the basket with the details is

removed from the tank and the excess lacquer or enamel is allowed to

drain out. Drying of the 101/19 primer-enamel is allowed to drain out.

Drying of the 101/19 primer-enamel is performed at 175* for 2.5 hours.

The bakelite lacquer is subjected to multistep drying with initial ex-

posure to 12-20* for 1.5 hours, 20-1000 for 2.5 hours, 100-130* for 2

hours, and finally 130-150* for 2 hours.

I.I. Denker
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LACQU-ER AND PAINT COATINGS FOR TIHE MAGNESIUM ALLOYS. ThV mu.;t com-

mon method for the protection of the magnesium alloys from curro3ion

(see Corrosion of the Magnesium Alloyo) Is that of painting. Protection

presents considerable difficulty; with penetration of moisture under

the lacquer and paint coatings there are formed on the surface of the

metal hydroxide compounds of an alkaline nature whTch, acting on the

film, hydrolyze and destroy it, which leads to loos of adhe;;Ion. Reduc-

tion of the chemical activity of the magnesium alloys Is s,'Lc-ved by

oxidation and the use of primers. The oxide film prevents direct co'n-

tact of the la'cquer/paint coating films with the metal surface and

simultaneously improves their adhesion to the metal surface. The pro-

tection provided by the lacquer and paint coatings for the magnesium

alloys amounts to the following: the priming coating must have passivat-

Ing properties, good adhesion art- resistance to the alkaline corrosion

products. The outer enamel coats must have minimal water penetrability

and suitable physical and mechanical properties. As pigments in the

primers, use is made of the zinc or strontium chromes and zinc tetra-

oxychromate, which dissociate when moistened, with the formation of the

chromic acid ion, which is a strong oxidizer capable of passivating the

metal. Such pigments as red lead, zinc dust, aluminum powder, chrome

yellow and others accelerate the corrosion process. The lower the water

penetrance of the outer enamel coat, the better the anticorrosion pro-

tection. The surface to be painted must be clean and smooth. Fluxes are

removed by sand blasting, boiling in a soda solution, washing in cold

water, processing in a solution of chromic anhydride, rinse in hot wa-
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ter, and drying. Oxidation is performed after the final mechanical

working. For details of 1st and 2d accuracy classes, use is made of

special solutions which do not alter the dimensions .of theodetails.

Priming is performed no more than 24 hours after oxidation. The follow-

ing primers are used: alkyd ALO-7 and epoxy EP09T with baking at 100-

150*; acylic primer AG-10s with cold drying which has good protective

properties also on the non-oxidized magnesium alloys, which permits its

use for repair of coatings under field conditions. The thickness of the
film when using a two-coat covering of the alkyd and epoxy primers is
30-40 microns, when using the acrylic primer it is 14-20 microns. The

first two .primers are combined with the alkyd, phenol-melamine, poly-

urethane and perchlorvinyl enamels. The acrylic primer gives very ef-

fective protection in combination with the perchlorvinyl or epoxy ena-

mels. The thickness of the coating consisting of two coats of primer

and one-two coats of enamel is 50-60 microns. This coating is suitable

for use in tropical conditions. Details made from the magnesium alloys

which are subjected to long-term exposure to gasoline, kerosene and

moisture are protected over the oxide film by polyvinyl butyral lacquer

of the VL-725 type. The thickness of the three-coat covering is 25-30

microns. The hoat resistance of the listed coatings are: perchlorvinyl

system to 100, others to 200-2500. The high-temperature magnesium al-

loys are protected using the type K-3 silicone enamels. The system con-

sists of two coats of enamel containing a chromate pigment and two

coats of green color enamel. With a thickness of 60-80 microns, the

coating withstands long-term heating to 3500 and periodic cooling to

minus 500. Most vulnerable with regard to corrosion are the places of

Joining the magnesium alloy with other metals which have a more posi-

tive potential than the magnesium alloy (aluminum, copper and iron al-

loys, nickel, lead, silver, etc.). Contact corrosion is prevented by
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the creation of a continuous layer of the lacquer/paint coating which

prevents direct contact of the unlike metals. Parts which have a tight

fit (bearing races, inserts, etc.) are processed as followý: steel

parts are cadmium plated and passivated, bronze parts are zinc plated

and pas1svated, aluminum pdrts are anodized, brass parts are tin plated,

etc., and are installed on a fresh, undried coat of chromate primer.

VariouG gaps and spaces where dust and moisture can collect, sharp ed-

ges on which the film of the lacquer/paint coating is subjected to ac-

celerated wear are also danger spots. To provide the maximal possible

insulation from moisture, bolts, nuts, grounding terminals, etc., are

covered with a dense layer of a waterproof coating (epoxy or polyure-

thane primer with subsequent painting with a suitable enamel). Welded

parts which are fabricated by electric spot welding from sheet magnesi-

um alloy, thanks to the absence of an oxide film, require specially

careful protection in the region of the weld spots. Welding is perform-

ed using fresh chromate primer. The primer is distributed as a thin

uniform layer in the weld seam and protects the inner side. The outer

side of the seam is mechanically cleaned of the oxide traces in the re-

gion of the weld spots, is primed with two coats of acrylic primer and

is painted with perchlorvinyl or epoxy enamels. Parts made from. theý

magnesium alloys and protected by oxide and lacquer/paint coatings are

used for 5-7 years without corrosion damage.

Reference: Drinberg A.Ya., Gurevich Ye.S, Tikhomirov A.V., Tekhno-

logiya nemetallicheskikh pokrytiy [Technology of Nonmetallic Coatings],

L., 1957.

V.V. Chebotarevskiy
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LACQUER AND PAINT COATINGS FOR THE TITANIUM ALLOYS. The usual lac-

quer/paint coatings have poor adhesion to the surfaces of the titanium

alloya, therefore prior to decorative painting the surface is first

subjected to hydro sandblast cleaning or etching in nitric, hydrochlor-

ic acids or in a solution of chromium anhydride. On the prepared sur-

face there is applied the VL-02 polyvinyl butyralic mordant etch or

primer or the acrylic AG-lOs primer; painting is done with the type

PKhV or KhV perchlorvinyl enamel, type FL-76 phenol-butyric enamel or

the type E-5 epoxy enamel. See Corrosion of the Titanium Alloys.

V.V. Chebotarevskiy
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LACQUER AND PAINT COATINGS FOR STEEL. For the protection of steel

from corrosion, use is made of the lacquer and paint coatings (see Cor-

rosion of Stainless Steels) whose properties and decorative appearance

are determined by the quality of the preparation of the surface. It is

particularly important to provide good bonding (adhesion) of the coat-

ings with the surface, which is achieved primarily by the application

of the coatings on rough and carefully degreased surfaces. The surface

roughness is provided by hydrojet, shot blasting, sand blasting treat-

ment of the surface or by metal-pellet blasting. The selection of the

coating, the primer and the filler is determined by the purpose of the

parts and articles and by their operation conditions. If the coating is

required to have high decorative qualities, then the technological pro-

cess of painting includes priming, local and overall filling, grinding,

application of the outer coating layers and polishing. For protective

coatings it is sufficient to apply 2-3 coats of paint of suitable qual-

ity. Priming of the steel surfaces is accomplished using primers In-

tended for the ferrous and nonferrous metals. The lacquer and paint

coatings find widest application for the protection of steel articles

or structures from atmospheric attack. The following types of coatings

are used for steel articles and structures: atmospheric resistant (see

Atmospheric Resistant Lacquer and Paint Coatings); chemically resist-

ant (see Chemically Resistant Lacquer and Paint Coatings); gasoline and

oil resistant (see Gasoline and Oil Resistant Coatings Lacquer and

Paint); heat resistant (see Heat Resistant Lacquer and Paint Coatings);

water resistaint and moisture resistant. The water and moisture resist-
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ant coatings are used for the protection of structures and articles
used in the water and under conditions of high humidity. For prot'iction

from hot water, use is made of the epoxy primer-filler (type E-4021)
"..,and the epoxy enamels, for protection from cold water use is made of

the bakelite and bituminous enamels and red lead over natural linseed

oil, for protection against high humidity use is made of the KhV, PKhV
and KhSE perchlorv'nyl enamels, the VKhE enamels, the phenol-fo malde-
hyde enamels and others.

References: Drinberg A.Ya., Gurevich Ye.S., Tikhomirov A.V., Tekh-
S-. . nologiya nemetallicheskikh pokrytiy (Technology of Nonmetallic Coat-

Ings], L.,• 1957; Lyubimov B.V., Spetsial'nyye lakokrasochnyye pokrytiya

v mashinostroyenij [Special Lacquer/Paint Coatings in Machine Construc-
tion], M.-L.,• 1959; Stochik G.F., Tekhnologiya lakokrasochnykh pokrytiy
v mashinostroyenij [Technology of Lacquer-Paint Coatings in Machine
Construction], M., 1950; Korzin N.V.# Ourevich Yu.M., Ioshpe M.L., LM i
IP, 1961, No. 5, p. 67-68.

l.I. Denke r
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LAMINATED STEEL refers to mill products and articles made from

steel in the form of two or more layers differing in composition and

properties. We must differentiate laminated steel from the steel mill

products and articles with layers differing in composition and prop-

erties which are obtained in an initially homogeneous stock by ther-

modiffusional methods (cementation, nitriding, decarbonization, etc.)

or by special heat treatment (surface quench and tempering, different-

ial tempering, etc.). Laminated steel finds application in the form of

two-layer, less often three-layer, sheet and profiled rolled stock; in

certain, generally experimental, operations use is made of five-layer

rolled stock or even more layers.

Laminated steel makes it possible to economize on the alloy steels.

In many cases, when special properties are demanded of portions of the

volume of an article, for example corrosion resistance of the surface

layers, high hardness of the surface, wear resistance and other special

properties which are provided by complex alloying, it is advisable to

make use of laminated steel with a relatively thin layer of the complex-

alloy steel and the rest of the volume made up o general-purpose steel.,

Other problems which cannot be resolved with the use of uniform metal

can be solved with the use of laminated steel, for example, provide

high structural strength of an article (which cannot be accomplished by

making it from brittle steel of high hardness) by combining and hard

surfuce layer and high-strength, ductile basic metal; it is also pos-

sible to increase the specific strength of stainless steel by combin-

ing it with high strength steel which is not corrosion resistant, and

2207
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There are various methods of producing laminated steel. The meth-

ods most widely used are casting, surfacing and rolling. In casting,

an ingot with two or more layers is formed which is later rolled out

into pl~te, sheet or strip. The layered ingot is prepared by casting

into a mold in which there have been placed blanks of steel of a dif-

ferent grade which bonds with the liquid metal used to fill the mold.

The layered ingot may also be prepared by simultaneous or sequential

pouring of steels of two grades into a mold which is divided into two

sections by a partition (temporary or soluble) made from soft steel

sheet. Various arrangements are known for casting the laminated ingot,

the most typical of these are shown in Fig. 1.

Fig. 1, Typical arrangements for casting'laminated ingot: 1) soft
steel plate; 2) filler of hard steel (hard layer)- 3) filler of hard
steel; 14) soft steel plate; 5) layer to improve thermal regime (re-
moved later~); 6) double castin Ig of two two-layer ingots;- 7) filler of
hard steel thard layer); 8) soft steel plate; 9) ceramic interlayer
preventing welding of ingots; .10) 'soft sheet-steel barrier; 11) pour-
ing of first layer; 12) pouring of second layer; 13) sequential layer-

* by-layer casting.

* The common characteristic of these methods is the provision on the

boundary'of the liquid and solid metals of a thermal regime adequate

for uniform welding, but eliminating cold wels, premature melting of th

the barrier, nonuniform or excessive fusion of the stock introduced

into the mold,, and other bonding defects of the ingot layers. A prom-

ising method is that of continuouis-casting of two-layer steel. It is

also possible to use centrifugal layer-by-layer casting.
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In surfacing a rolled substrate with surface which has been pre-

pared by mechanical working, the electric arc method Is usod to apply

a layer of steel of a different grade. The most promising method for

forming this layer is that of electroslag welding.

Fig. 2. Schematic of Joining blanks using soft iron powder: 1) Blanks
being laminated; 2) interlayer of iron powder; 3) fillet weld after
forging.

To obtain laminated steel by rolling, use is made of the method

of packet rolling with an interlayer of braze or flux in some cases.

The thermal regime and the degree of deformation are specified as a

function of the steel composition and the required strength of the

bond. A very effective method of Joining blanks with panel rolling is

that of placing between the blanks of layer of iron powder whose thick-

ness is 5-10% of the thickness of the blanks (Fig. 2). After forging,

a fillet weld of the edges of the blanks is made and then rolling is

performed using the usual regime for the steels ' ng joined. DuriAg

the rolling process the powder particles are sintered with one another

and the surfaces of the steel blanks are bonded with formation of a

layer of soft steel between them. Use of lamina rolling with the pow-

der method permits (as a result of the presence of the internal pla3tic

layer) improving the plasticity and impact strength of the high

strength steels (%b = 180 kg/mm2 and higher), reducing their sensitiv-

ity to stress concentration, and also reducing the loss of plasticity

and impact strength with transition to low temperatures.

N.M. Sklyarov
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LAMINATED WOOD PLASTICS (delta-wood, balinit) - materials made

from veneer sheets of wood, impregnated by a resol-type resin, which

are obtained by hotpressing in multi-storied hydraulic presses under

a high rpecific pressure. In Germany these laminated wood plastics

are known under the name lignofol, in England they are called hydulig-

num and in the USA they are called compreg. The lamination of the struc-

ture and the regular position of thin veneer sheet layers substantially

reduce the effect of local defects of the wood and the anisotropic

character of its properties, ensuring the obtaining of laminated wood

plastics with the specified high physicomechanical properties. The in-

dustry produces laminated wood plastics in the form of short and long

sheets and plates, the former from i to 8 mm, thick, the latter from 10

to 60 nmn thick and of multifaceted blanks 15-60 mn thick. In addition,

products of intricate shape are produced from "crumbs" of pulverized,

resin impregnated veneer sheets and veneer sheet strips by hot pressing.

The mechanical, electrical insulation and physical properties of lamin-

ated wood plastics depend on the thickness, moisture content and struc-

ture (direction of fibers in adjoining layers) of the veneer sheets,

the moisture content of the impregnated veneer sheets and the final

moisture content of the wood plastic material, the nature and content

of the resin, quality of impregnation, pressing regime (temperature,

pressure, holding duration), on the nature of the wood, density of

structure and the presence of preliminary chemical treatment of the

veneer sheets, the degree of fiber cutting on shelling, etc. The high-

est qualities of laminated wood plastics are ensured by birch veneer
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sheets. For certain brands of laminated wood plastics, of which parti-

cularly high mechanical properties are not required, use is made of

beech, pine, and in individual cases also of linden. The final strength

and the degree of anisotropy of mechanical properties depend substan-

tially on the thickness of the veneer sheet and on its position in the

stack before pressing. The use of thinne' veneer sheets substantially

improves the mechanical properties of laminated wood plastics. The

highest specific strength in tension and static bending is obtained by

using 0.4-0.5 mm thick sheets, and in compression it is achieved by

using sheets 0.35-0.4 mm thick. A reduction in the wear of laminated

wood plastics in friction across the veneer layers is also achieved

by these means. Thus, when the veneer sheet thickness is increased from

0.3 to 1. 2 mm, the volume wear in the friction nodes increases by ap-

proximately a factor of 30 (from 20.I0-3 to 600. 0-3 mm3 ).

Laminated wood plastics used for structural purposes are made from

veneer sheets with a thickness of 0. 55 and 0. 75 ± 0.05 mm. Alongside

with the veneer sheet thickness and its microstructure, the properties

of laminated wood plastics are substantially influenced by the nature

of the resin and its content in the material. When the resin ccntent

is increased to approximately 20%, the compression and tensile strength

increase; the cleaving resistance is also improved and the volume swell-

ing and water absorption are substantially reduced. An increased (38-

"-43%) resin content reduces the tensile and static bending strengths,

the modulus of elasticity and the impact ductility. When the specific

2pressing pressure is increased to approximately 100-125 kg/cm , the

specific weight of the material changes and the mechanical and physical

properties of laminated wood plastics are improved. Usually the speci-

fic pressure used in producing laminated wood plastics is 100-125 kg/

/cm 2 , the temperature is 150 + 5 (for laminated wood plastics with
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water solubie resins it is 145 ± 5) the duration of holding under the

press is 4-5 minutes per mm of thickness. The veneer sheet, as a re-

sult of chemical treatment is condensed by 30-35% and its strength is

substantially increased.

Shaped and formed-in-a-single-piece laminated wood plastics are

made in form of products of intricate or simply shaped form from press-

ed crumbs by pressing in heated molds at an elevated or high specific

pressure. Components pressed in a single piece, for example, weaving

equipment components, are made from a combination of the above pressed

materials. The resin content in the veneer sheet depends on its thick-

ness, intended use and the complexity of the product shape and usually

varies between the limits of 18-25% and 25-30%, and the specific pres-

sure in pressing varies between the limits of 110-125 kg/cm2 for the

simple and 400-800 kg/cm2 and more for the more complex product shapes.

The pressed crumbs are usually preformed. Shaped products are made

with a variable specific weight and strength, on the basis of the magni-

tude of stresses and the design features of the products, for example,

blanks for propeller blades. This is achieved by placing a different

number of veneer sheet layers in the given cross sections and pressing

the articles in hot molds to the necessary thickness and required

shape. Laminated wood plastics have sufficiently highly physicomechani-

cal properties, which is precisely the reason why they are extensively

used in the aircraft, electrical equipment, machine-tool building and

textile industries. The mechanical properties of laminated wool plas-

tics depend on the moisture and temperature. The greatest effect is

exerted by moisture on the compressive and static bending strength, and

on the impact ductility, while it has a lesser effect on the tensile

and on cleaving along the glued surfaces. To prevent from moisture ab-

sorption, the ends of the material after cutting and the open ends of
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structural elements made from laminated wood plastics are protected by

a 45-50% alcohol solution of bakelite lacquer or by another water re-

sistant coating. This ensures an operating moisture content of -5.5-

-7.0%. The effect of temperature on the mechanical properties of lami-

nated wood plastics is characterized by data presented in Table 1.

TABLE 1
Effect of Temperature on Holding for 100 hours at a tempera-
the Mechanical Properties
of Laminated Wood Plastics ture of up to 1400 after tne perfectly

u , ,dry weight is achieved practicallydoes

' atn.i mnot reduce the tensile and compressive
MO.•01.01 (,a CA-) . I 1 13 11'0 100 91 Of

4 CHarnTIke SlOxh 50.10
No(is C.." ) . 135 , Z V7 47 strength of laminated wood plastics.
Nas t ~ .lUlll |e no
C".',7e It (or- ') 5 3 83 9( of, wo¶ 63 so

* CHi1.ajoalIn no Na.
7 C. t"l - 19 11 - The effect of variable temperature

NOCth l|)4.I ll4r 1- ISv
(W.CAmC;) . . . ., I ,lo1 t ,1 f 209 610 and moisture on the various properties

1) Properties; 2) tempera- of laminated wood plastics varies and
ture ( C); 3) tension a-
long the fibers (kg/cm ); depends on the nature of the binder and
4) compression along the
fibers (kg/cm9); 5) cleav- its quantitative content in the plastic
ing along the glued sur-
faces (kg/cm'); 6) cleav- material. Laminated wood plastics with
in§ in the material (kg/
cm ); 7) specific impact alcohol-soluble resins as a base have a
ductility2 in bending
(kg-cm/cm ). sufficientlj high resistance to the ef-

fect of variable temperature (from -550

to +60*) and moisture. Prolonged (for a year) holding of laminated wood

plastics in water results in reducing the impact ductility and ductil-

ity and ultimate static bending strength in the wet state by 50%. Grad-

ual drying resto-as to a substantial degree the mechanical properties

of the material. A shortcoming of laminated wood plastics is swelling,

since it brings about changes in the shape of structural elements.The

oil and gasoline resistance of laminated wood plastics is quite high.

The limiting oil absorption does not exceed 2% and the attendant swell-

ing reaches 0.4%. Oil absorption by the materials is used for creating

2213



I -117G4

self-lubricant bearings which operate more efficiently than with water

lubrication. Laminated wood plastics practically do not absorb gaso-

line, kerosene or diesel oil. The thermophysical properties of laml-

nated wood plastics vary depending on the structure, the material's

density, the resin content and other factors. The termal conductivity

varies between the limits of 0.21-0.26 kcal/m.hour."C, the specific

heat varies from 0.37 to 0.57 kcal/kg.oC. The temperature resistance

of laminated wood plastics is insufficient; being submerged in heated

transformer oil they practically cannot withstand temperatures in

j excess of 100-1150, at higher temperatures small cracks form in the

ends and the material increases in thickness to 0.5%; low temperatures-

also affect laminated wood plastics, e.g., after moistened articles

are held for 30-70 days temperatures up to -50%, the dimensions change

by 0.5-1. 0%. The chemical resistance of laminated wood plastics and

their stability when acted upon by agressive media depend on the nature

the binder, its content in the plastic, depth of impregnation, complete-

ness of the resin's polymerization, density of the structure and design

of the structure and design of the laminated wood plastics, as well on

the preliminary treatment of the veneer sheets. The chemical resistance

of laminated wood plastics after being held for 1000 hours at 10° in

100% acetic aldehyde and at 20* in 100% oleic acid, transformer oil,

butyl alcohol, styrene, is good; in 10% solution of calcired soda,

methyl alcohol-and sodium silicate it is satisfactory. The material

cannot resist higher alcohols (at the boiling temperature for 500 hours)

and solutions of a 5% concentration of potassium persulfate and ferrous

sulfate. Laminated wood plastics are weakly resistant to hydrochloric

acid and even more subjected to swelling and failure in a caustic soda

solution. The chemical resistance of laminated wood plastics becomes

substantially lower as the temperature is increased in conjunction with

2214
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which temperature limits have been established for the use of products,

such as: in hydrochloric acid up to 16, In glacial acetic acid up to

60, in diluted formic acid up to 200, In mineral oil up to 80, in

ethyl and butylacetates (with an acid admixture) up to 300, in methyl

alcohol. (with an acid admixture) up to 20. To improve the chemical

resistance of laminated wood plastics they are made (for example, DSP-F)

from pine veneer sheets 0.4 - 0.5 mm thick, impregnated under pressure

so that it contains up to 50 - 60% of phenolformaldehyde resin. In indi-

vidual cases the chemical resistance of laminated wood plastics is

improved by preliminary impregnation of the veneer sheets by chemically

resistant substances with subsequent gluing it together by another

binders. The wear resistance of laminated wood plastics depends on the

properties of the material with which it is mated and the specific

pressure. Thus, together with low-tin bronze (BrOTsS 5-5-5) the wear is

less than, for example, with BrOTs 10-2 bronze and it is at minimum on

contact with stainless steel. The wear resistance of laminated wood

plastics in comparison with bronze is lower by a factor of 6 - 15.

Under a specific pressure of 75 kg/cm2 , water lubrication, peripheral

sliding speed cf 2.5 m/sec and a path equal to 25,000 m, the wear com-

prises 0. 05 - 0. 1 mm. Bearings from laminated wood plastics do not form

scratches on the rubbing surfaces of shafts and even polish them, reduc-

Ing the friction coefficient w~th time. Laminated wood plastics have

high antifriction properties, which depend on the design of the mater-

ial, specific pressure, flow rate and type of lubricant (water, oil),

sliding rate, type of rubbing pair, etc. When the coefficient of fric-

tion of the material is 0.002, the specific pressure is 250 kg/cm2 and

the sliding velocity is 4.55 m/sec, the water flow rate comprises 0.08

m3/mnn per 1 cm2 of sliding surface. The friction coefficient in dry

rubbing over steel for' sliding bearings made from laminated wood plas-
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ties Is higher than with water lubrication. The friction coefficient

of laminated wood plastics without lubrication is equal to 0.2 - 0.26,

when lubricated with lubricant grease it Is 0.02 - 0.05, liquid oil it

is 0.1- 0.06 and with water It is 0.008- 0.004. As the specific

pressure and sliding speed increase, the friction coefficient first

decreases and then slowly increases; here as the specific pressure is

increased the reduction in the friction coefficient is first rapid and

then slows down. The start-up torque and the start-up friction coeffi-

cient in the case when bearings from laminated wood plastics are used

are substantially higher than for bearings from antifriction alloys and

increases on water lubrication. Of substantial importance is the loca-

tion of the laminated wood plastic in the bearing lining relative to

the shaft Journal. The highest results with respect to the friction co-

efficient and wear are obtained when the material is located at the end,

not flat. The dielectric properties of laminated wood plastics depend

on the material's resin content, its moisture content, veneer sheet

thickness, the surrounding -temperature, density of the laminated wood

plastic's structure, etc. Of substantial importance also is the direc-

tion of the electric field intensity vector. Thus, in the case when it

coincides with the pressing direction (across the layers), the indica-

tors of surface and volume resistivity practically are not inferior to

textolite and are within the limits of. 1011-102 ohm'cm and after the

material is moistened for 48 hours they are only slightly reduced. The

average breakdown voltage of the electric field of laminated wood plas-

tics across the layers (perpendicular to the pressing plane) is by ap-

pr imately a factor of ten greater than the breakdown voltage along

the wood fibers. The dielectric losses of various brands of laminated

wood plastics are practically independent of the direction of the elec-

tric field intensity vector relative to the material's fibers. The die-
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lectric permittivity (E) or laminated wood plastics Is u3ually within

the limits of 6.7-7.9, and the tangent of the dielectric losses angle

(arctan 6) varies between the limits 0.038-0.068.

Table 2 (page ) gives the nominal dimensions, intended service

and fields or application or laminated wood plastics. The physiomechan-

ical indicators of laminated wood plastics can be found in GOST 8698-58

and 8697-58.

References: Sheydin, I.A., Smirnov, A.V. and Demidova, L.A., Tekh-

nologiya drevesnykh plastikov (Wood Plastic Technology), Moscow -

- Leningrad, 1956: Plasticheskiye massy r mashinostroyenii. Sbornik tru-

dov Ural'skogo soveshchaniya po plastmassam (Plastic Materials In Ma-

chine Building. Collection of Transactions of the Ural Conference on

Plastic Materials, Moscow, 1955; Genel', S.V., Drevesnyye plastiki v

tekhnike (Wood Plastics in Technology), Moscow, 1959; Rabinovich, A.L.

and Avrasin, Ta.D., 0 mekhanicheskikh kharak-teristikakh nekotorykh slo-

isttykh plast-kov v svyazi s procknost 'yu boltovykh I zaklepochnykh

soyedineniy (On the Mechanical Characteristics of Certain Laminated

Plastic Materials in Connection with the Strength of Bolted and Riveted

Joints). In the collection: Steklotekstolity I drugiye konstruktsyonnyye

plastiki (Glass Textolites and Other Plastics Used as Materials of Con-

struction), Moscow, 1960; Spravochnik po mashinostroitel'nym materialam

(Handbook of Machine-Building Materials), edited by G.I. Pogodina-

-Alekseyeva, vol. 4, pages 148-56, 1960:

Ya.D Avrasin
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1Nominal Dimensions of Lamminated Wood Plastics, their

Intended Service and Main Fields of Application
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*The letter designations point to the field of appli-
cation of the material: a) aviation; e) electrical
equipmnent; m) machine building; t) the textile indus-
try.

1) Brand; 2) length (mm); 3) width (mm); 4) thickness (Wm; 5) form In
which the material is supplied; 6) intended service and the main fields
of application; 7) DSP-V; 8) and; 9) short sheets; 10) sheets, as a
structural skin material, as well as for the making of various struc-
tural componenta, equipment, as a replacement of PT and PTK textolites,
V Getinaks, in shock absorber liners, in nodal and bolted joints of
wooden struictures, etc.; 11) DSP-V-e; 12) short and long sheets- 13)
short and long plates; 14) plates for structural components; 155 DSP-A;
16) short plates; 17)1 for products to be used in atifriction designs
(deadwood sleeves in shipbuilding, bearing liners); 18) DSP-B-rn 19) DSP-
-V-rn; 20) as self-lubricating materials in various machine building
branches where lubrication Is difficult (sliders of timber-sawing
frames, guides of friction subassemblies); 21) DSp-B, 22) DSP-B-a (del-
ta-wood); 23) (with a calibration each 100 umi) 24) as a material for
the conptruction of aircraft power components (blades of wood-composite
propellers,, reinforced bulkheads, wing cantilevers of light-engine air-
caft., etc.) and power products in other machine-building branches;

24a) the same as above; 25) for components of designs or for components
used as insulation (comporients of apparatus and electrical machinery,,
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transformers, oil switches, etc.), which work in oil or air under mod-erate stresses and at temperatures from -40* to +1050; 26) DSP-B-t; 27)ror machine components in the textile industry (for loom shafts, etc.);28) DSP-O; 29) multifaceted blanks with an inscribed circle diameterfrom 600 to 1000+50; 30) multifaceted blanks; 31) for gears and as anantifriction mat7rial for bearing liners; 32) DSP-G-m; 33) self-lubri-cating antifriction material (sliders of wood sawing frames and similar
machine components).
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•LANON is a synthetic hetero-chain fiber made'from polyethylene
terephthalate. It is produced in the GDR in the form of ordinary-and
high-strength filamentary thread and staple fiber (matte finish or
painted). For properties and application zee Polyester Fiber.

"E.M. Ayzenshteyn

i
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LAPIS-LAZURE -see lazurite.
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LASER MATERIALS are materials used in quantum optical generators

(lasers) as the active medium in which the generation of the light is

performed directly. Solids, gases and liquids are used as laser mater-

ials. An external source of energy is used to transform the atoms of

the active medium into 'he excited state in order to obtain generation;

If we provide the conditions under which all the excited atoms are si-

multaneously returned to the normal state, then the energy thus re-

leased will be radiated in the form of a powerful monochromatic beam of

visible or infrared light. To provide for generation it is necessary

that the optical spectrum of the active medium have certain quantum-

* mechanical properties, since the generation of the light is possible

only as a result of the transitions from the excited metastable state

into a state with a very short lifetime. The active medium can be solid,

liquid or gaseous.

The gaseous active medium is a mixture of two gases; under the ac-

tion of an external electrical high-frequency discharge the atoms of

one of the compoenents of this mixture are excited and by means of

thermal collisions increase the energy of the atoms of the second com-

*i ponent; the latter, returning to the normal state, radiate light with

the linear spectrum characteristic for'the atoms of the second compon-

ent. Thus, one of the components of the mixture participates in the

"pumping" of the external energy, while the other is used directly for

the generation. Therefore, in the selection of the mixture it is neces-

sary, in addition to othcr conditions, to provide the conditions for

effective "pumping" (for this the utilized excited states of the atoms
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of both components must be characterized by similar energy values).

Widest application has been made of a mixture of helium and neon with

partial pressures of I and 0.1 mm Hg respectively; use is also made of

a mixture of mercury and krypton vapors.

SThe solid active medium consists of a crystalline or amorphous

substance in which there are "dissolved" in small concentraticns (of

the order of fractions of a percent) paramagnetic ions of a doping sub-

stance; light generation is obtained by excIting these ions. Presence

of other impurities hinders the generation, and, therefore, th, materi-

al is subjected to careful purification. As solvents use is made of:

corundum, potassium tungstate, rutile, and from among the amorphous

substances - barium crown glass; the role of dnp~nt ions can be per-.

formed by Cr3+ tons, the ions of many of the rare earth elements, for

example, neodymium Nd3+, samarium Sm2+, praseodymium Pr 3 +, holmiur, Ho3+

dysprosium Dy2+ Of all the materials, widest use has been made of ruby

(A12 03 .Cr3+). Use is also made of CaWO 4 *Nd3+, CaWO 4 *Pr 3 +, barium crown-

glass with the addition of neodymium.

As the active medium use is made of the monocrystalline semicon-

ductor~s, and in this case the radiation is generated with recombination

of the carriers (injected through the p-n junction) through the forbid-

den zone. The principal requirement on these materials is a high proba-

bIlity of radiative recombination of the carriers (i.e., a small life-

time in relation to the radiative transitions). Such a material is the

compound GaAs, which has been used as the basis for the design of a

laser with exceptionally effective transformation of electrical energy

into light energy.

In the case of a liquid active medium, use can be made of the or-

ganic liquids (nitrobenzene, cyclohexane, etc.).

References: Shavlov A., Fogel S, Dalberdger L., Optical Quantum
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Generators (Lasers], transl. from Eng.,, M., 1962; Electronics [Russ.
transl.], 1962, Vol. .35, No. 7, P. 37; No. 11, p. 41; "Phys. Rev. Let-
ters", 1962, v. 8, Nc. 1, p. 18, 19; No. 10, p. 404.

M.M. Qorshkov
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LATENT DEFORMATION ENERGY - is the excess potential energy of the

atoms displaced by the deformation from their equilibrium positions. Un-

der a load, a part of the strain on plastic deformation of the solid

is transformed into heat, and a part (about 10-20%) is consumed for the

increase of the lattice potential. The latent deformation energy in-

creases with the increasing degree of imperfection of the defcrmed

crystal lattice; it depends on the degree of the plastic deformation

and on the type of the external load (static, alternating). The latent

deformation energy is measured in cal/g (it lies in the range of 1 cal/

/g for cadmium, and 0.5 cal/g for lead).

Ya.B. Fridman
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LATICES are aqueous colloidal dispersions of rubber-like poly-

mers which are the raw material for the production of rubber and other

articles with more or less elasticity. Natural latex, the milky sap of

the rubber tree, Is a dispersion of natural rubber. By analogy with

natural latex, the synthetic latices are aqueous dispersions of elasto-

mers obtained by emulsion polymerization or copolymerization of various

organic unsaturated compounds; the synthetic latices are sometimes con

sidered to include the dispersions of polymers obtained by polyconden-

sation (for example, the dispersions of the thiokols) and by dispersion

in water of the prepared polymers (for example, butyl rubber) and also

the dispersions of the plastics obtained by emulsion polymerization

(for example, the dispersions of polyvinyl acetate, polystyrene, etc.).

Natural latex is a liquid which is superficially similar to milk. The

particles (globules) of rubber in the latex have a spherical or. pear-.

shaped form; about 90% of the globules have dimensions less than 0.5

microns, the largest particles reach 6 microns in diameter. The pro-

teins, salts of the fatty acids and other constituent parts of the la-

tex which are located on the surface of the rubber particles give them.

a negative electrical charge and prevent spontaneous coagulation,. which.

ensures stability of the freshly obtained latex as a colloidal system.

About 0.5% ammonia is added to the latex to provide further stabiliza-

tion during storage, transport and processing. Acidification of the

latex and the introduction into it of soluble salts of the multivalent

metals leads to coagulation, i.e., to the separation of the rubber.

Natural latex is used almost exclusively in the concentrated.

1 2226
1.•



/*
•*fcr•. Article:� �re fr•r natural latex are f'ost resltant (brittle-

temperature cf rubber 1. -s 7) and have high physical and mrechanical

prcpertie, (even without reinforcing fillers). The strength of vulcan-

ized films made from this latex is 200-350 kg/cm , the relative elong-

ation Is 500-1000%.

The synthetic latices differ in composition and properties de-

pending on the recipe and the conditions of their production. Their

synthesis is accomplished by polymerization of various monomers in an

aqueous emulsion containing emulsifiers, apolymerization initiator, and

also, as a rule, a regulator of the rubber plasticity, a stabilizer, an

activator and certain other substances. Thc 1atices are formed as In-

termediate products and in the production of a whole series of synthe-

tic ("emulsion") rubbers. Depending on their end usage, the synthetic

latices will contain from 20 to 60-69% rubber. With low concentrations

of the polymer (usually up to 20-/40%) the viscosity of the latices

obeys Newton's law and differs little from the viscosity of water. This

is one of the basic advantages of the latices over the highly viscous

solutions of the corresponding rubbers which are widely used for the

impregnation of various materials.

Among the polymer materials, the latices occupy one of the first

places with regard to the number of possible areas of application and

this is increasing with each year. The production of various latex

based articles reduces to the preparation of the latex mixtures and to

the separation of the dispersed phase from them by some method. The

following stages of the process are the drying of the articles and in

the majority of cases vulcanization. The methods of separation of the

-- dispersed phase from the latex are based on: evaporation of the water,

absorption of the water by porous materials, coagulation, gelatination.

The methods based on the evaporation of the water are characterized by
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the fact that all the Ingredients of the latex mixture (exciept the

volatile Ingredients and those which are capable of decomposing) com-

pletely ente-- into the composition of the finished article. In this

case use is made primarily of the cuneentrated latices whose viscosity

is increased as a result of the introduction of special additives. This

group of processes includes the fabrication of thin-wall articles by

repeated dipping of the forms into the latex mixture, the application

of anticorrosion coatings on metallic surfaces, the insulation of wires,

the application of waterproof coatings on fabrics, paper and other ma-

terials, and also the painting of structural objects using the latex

paints. Separation of the rubber from the latex preferentially as a

result of the evaporation of the water also takes place in the use of

latex-cement and latex-bitumen mixtures and in the bonding of various

materials with the use of latex glues, although in these cases some

role is also played by the absorption of the water, and sometimes by

coagulation as well. Among the processes in which the separation of the

rubber is accomplished basically as a result of the absorption of the

water into a poro as material, we can mention the preparation of rubber

and plastic articles in collapsible gypsum forms, the impregnation of

textile materialsi, paper, etc. In the latter case the separated water

is usually squeezed out under the press, on rollers, or is removed by

some other method. Coagulation is used in the production of thin-wall

rubber articles by the method of alternate dipping in latex and in a

coagulant solutiozi, and also in the sizing of various fibers. Jellifi-

cation is used in the production of sponge rubber, microporous ebonite,

rubber articles b: use of gelatinization and ion deposition.

The latlceý are almost never used in the pure form in the fabri-

cation of various articles, there are first added a series of ingredi-

ents to provide the required technological properties of the mixture
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and the technical properties of the resulting article. The Ingredients

are uwually introduced into the latles in the form of aqueous ailu

tions or dispersions prepared on ball, colloidal or vibrational mills,

paint grinders ultrasonic Installations, etc. The basic ingredients of

the latex mixtures are: a) surface-active substances to provide the

wetting and foaming properties of the mixture and the stability of the

mixture as well: these are the salts of oleic and other natural and

synthetic fatty acids, Nekal, nonionogenic emulsifiers (type OP-7 or

OP-10), resin salts, and others; b) thickening agents to increase the

viscosity of the latices, which are usually high-molecular substances

which are soluble in water: caseinates, alginates, starch, cellulose

derivatives, polyacrylates, etc.; c) fillers introduced to improve the

stiffness, increase the wear resistance and reduce the cost of the ar-

ticles, and also used in certain cases as thickening agents to increase

the viscosity: chalk, caolin, carbon black, lithopone, etc.; d) soft-

eners such as mineral oils, paraffin and others, added to reduce the

stiffness and increase the frost resistance of the product; e) synthe-

tic resins such as phenol-formaldehyde, resorcin-formaldehyde, urea-

formaldehyde and others, used to improve the processability and the ad-

hesive properties of the mixtures, and also to increase the stiffness
'\

and strength of the products; f) vulcanizing agents, which are used in

nearly all the latex mixtures: sulfur (in the form of a dispersion or

solution of polysulfides), zinc oxide, and also the organic vulcaniza-

tion accelerators and ultra-accelerators - Captax, its zinc salt, thiu-

ram, sodium diethyldithiocarbamate, dimethylammonium dimethyldithlocar-

bamate and others; g) antioxidants, which prevent the article from oxi-

dizing in the process of long-time storage and usage - darkening Neo-

zone D., non-darkening P-23 and others; h) antifoamants - silicone oils,

turpentine, fatty and cyclic spirits and others; i) pigments; J) gela-
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tinizing and thermosen•itizing agents . sodium fluosilicate, form'alde-

hyde, boric acid, zinc oxide and ammonium sa.ts, polyvinyl methyl es-

ter, nitroparaffin and others.

One of the most important areas of application of the latices is

the creation of adhesives which can provide a strong bond between ele-

ments of rubberized fabric articles - tir'es, drive belts, transporter

belts, etc. Impregnation of tire coard with latex-based compositions

considerably increases the service life of the treads. Latex is widely

used in the production of sponge or foam rubber - used as a shock ab-

sorbing material for automobile and other seats, mattresses, pillows,

furniture, etc. Latex sponge with low volumetric weight (0.1-0.2 g/cm3 )

has adequate resistance to compression which increases uniformly with

deformation, which in combination with the rapid recovery of the shape

after removal of the load provides seat comfort. Wide use has been made

of water-soluble latex paints based on the copolymer of styrene and bu-

tadiene, polyvinyl acetate, etc., which are used primarily in building

for t- pilntin& of interior and exterior finishing of structures. They

have practically no odor, dry rapidly and give coatings with a pleasant

surface appearance. The painted surfaces can be washed with soap and

brush. The production of the latex paints is accomplished using the

conventional equipment of the patnt factories. A whole series of lea-

ther substitutes is produced with the use of the latices. These include

the bonded fibrous materials obtained by combined deposition of the la-

tex rubber and vegetable or animal fibers from a dilute aqueous dis-

persion, and the fabrics with latex coating (with or without prelimi-

nary impregnation). Many seamless rubber products with comparatively

thin walls are fabricated from the latices - surgical, industrial,

household and other gloves, pilot-balloon and sounding-balloon enve-

lopes, footwear, etc. Latices are used in the form of cement-latex
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c atIng: mixtures to obtain polymer-cement coatint_%s with Improved elas-

ticity, wate. resistance and adhesion to various materlals. Particular-

ly effective is the use of thes:e mixtures fur the covering of floors In

public buildings, decks of vessels, walls of reservoirs for combuztible

liquids, reinforcing of hydrotechnical structures, and also for the

bonding of glass, porcelain, tile with stone, brick, metallic, wooden

acid oLher materials. The latices are also used in other branches of in-

dustry: as a print pigment in the textile industry and for the produc-

tion of nonwoven textile materials; as bonding agents in the footwear,

polygraphic, chemical and other industries; for the production of

frictional, components in the asbestos-technic.il industry; for Impregnat-

ing and coating paper in the paper industry; for leather finishing; for

sealing containers in the foodstuffs indust y; for Insulating wires and

cables in electrical work; as an additive to the bitumens In highway

construction; for fire extinguishing in mines and for a whole series of

other fields.

References: Noble R.J., Latex in Engineering, transl. from Eng.,

L., 1962; Gauzer E., Tekhnologiya reziny [Rubber TechnoloGy], Vol. 2,

M., 1937; Litvin 0.B., Sinteticheskiye lateksy [Synthetic Latices],

L.-M., 1953; Synthetic Rubber, ed. by G.S. Whitby, transl. from Eng.,

L., 1957; Lebedev A.V., Fermor N.A., KhNiP, 1957, Vol. 2, No. 3, P.

339-47; Voyutskiy S.S., Shtarkh B.V., Fiziko-khimiya protsessov obrazo-

vaniya plenok iz dispersiy vysokopolimerov [Physico-Chemistry of Pro-

cesses of Formation of Films from Dispersions of High Polymers], M.,

1954; Proizvodstvo i primenenlye sinteticheskikh lateksov [Production

and Application of Synthetic Latices], [Data], L.-M., 1953; Sintez lat-

eksov i ikh primeneniye (Synthesis of Latices and Their Application],

coll. of articles, L., 1961.

A.I. Yezriyelev. A.V. Lebedev
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LAUTAL is an alloy of aluminum with 4% Cu, 1-2% Si, about 1% Mn,

up to 0.4% Fe, balance aluminum. The alloy forges well, rolls well, is

heat-treatable. After quenching and artificial aging ab.- 32-40 kg/nin2 ,

00.2 " 20-26 kg/= 2, 6 - 18-23%.

O.S. Bochvar, K.S. Pokhodadayev
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LAVSAN is a synthetic hetero-chain fiber made from polyethylene

terephthalate (PETF). It is produced in the fo)rm of ordinary and

strengthened filamentary thread and in the form of staple fiber in the

USSR, England (under the name Terylene), US (Dacron), GDR (Lanon). The

specific weight of the fiber is 1.38. The moisture contenL at standard

conditions is 0.4-0.5 percent, at 200 and 95 percent relative humidity

it is 0.5-0.7 percent. The breaking length of the ordinary filamentary

thread is 34-40 km (45-55; 35-45). (Numbers in parentheses refer respec-

tively to the strengthened filamentary thread and to the staple fiber).

Loss of strength in the wet condition is very slight, in a loop it

amounts to 7-12% (6-17; 10-28). The ultimate breaking strength is 46-55

kg/mm2 (63-77; 47-63). Breaking elongation in the dry condition Is 14-

17% (9-12; 40-50), in tihe wet condition it is 15-18% (10-13;. 41-52).

The degree of elasticity of the ordinary thread (whlh i4 percent elonga-

tion) is 100% (100;-), with an elongation of 10 percent it is 57-59%

(71-72;-). The strain recovery of a fibrous mass of the staple fiber af-

ter removal of compre&sive load is 72 percent after I minute, increas-

ing to 83 percent after 30 minutes. Lavsan has a high elastic modulus

(990-1060 kg/mm2 for the ordinary fiber and 1120-120W kg/nu2 for the

strengthened fiber); the shear modulus in torsion is 8700-10,800 kg/cm2

(13,000-14,000). The resistance to repeated deformation (on the DN-15

tester with 110 flexures per minute) with a stress of 5 .kg/mm2 is 9300-

12,200 flexures for the ordinary thread; for the strengthened threat it

is 9000-15,000 flexures; with a stress of I0 kg/mm2 (on the "Sinus"

tester) the value for the staple fiber is 21,000-30,000 flexures. Abra-
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sion resistance of the ordinary fiber is greater by a factor of two'
than that of the strengthened fiber.

For detailed information on the physical and chemical and other.,
Properties see Polyester Fiber.

References: Petukhov B.V., Poliefirnoye volokno. [Terllen, lavsan]
..Polyester Fiber] [Terylene, Lavsan], M., 1960; Demina N.V., et'al. KhV,

1960, No. 5.

E.M. Ayzenshteyn
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LAW OF SIMILARITY - constancy of relative deformation and specific

work of deformation (per unit volume) in geometrically and mechanically

similar stressed specimens of the same material in identical stressed

states. Hence, at a given relative-deformation amplitude and rate the

forces are proportionial to the square of the similar dimensions of the

todies, while the work of deformation is proportional to the cube of

these dimensions. The law of similarity often breaks down (see Scale

effect) because of disruptions of other types of similarity (tempera-

ture, structural, kinetic, etc.), which are not taken into account by

this law and are often associated with differences in the structure and

characteristics of large and small specimens, these being due to varla-

tions in temperability, casting, pressure-working, and cutting condi-

tions, etc.

References: Davidenkov, N.N., Nekotoryye problemy mekhaniki mate-

rialov [Certain Problems in the Mechanics of Materials], Leningrad,

1943.

Ya.B. Fridman
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LAZtTRITE (lapis-lazure) Is a mineral of the silicate class (Na,

Ca) 4 - 8 (AsiO04 ]6 [SO4 ,C1,S] _ 2" It is usually encountered in solid

dense masses; crystals in the form of cubes are extremely rare. The

specific weight is 2.38-2.42, hardness 5.5, brittle. The color may be

azure-blue, dark-blue, violet, sky-blue and greenish-blue; in thin

sections it is blue. The index of light refraction is 1.5. After cal-

cining the color is not lost, at times it is amplified. It dissolves in

HCl, releasing H2 S. Lazurite is used as a rare and beautiful ornamental

stone. Lazurite is used for the production of decorative vases, Jewel

cases, statuettes, etc. In the form of thin plates it is used for In-

laying in artistic mosaic work, and also for facing of columns, fire-

places, etc.

References: Betekhtin A.G., Mineralogiya (Mineralogy) M., 1950;

Persman A.Ye., Ocherki po istoril kamnya [Notes on the History of

Stone], Vols. 1-2, M., 1954-61.

Yu. L. Orlov
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LEAD ARH TAN- argentan alloyed with lead. Addition of ledd Im-

proves the cuttability of Cu-Ni-Cn alloys of the argentan type. The

USSR produces lead argentan of type MNTsSl7-18-l.8 (16.5-18.0% Ni,

1.6-2.0% Pb, 61-64.9% Cu, and the remainder zinc), which is used prin-

cipally for watch components. Lead argentan combines high corrosion

resistance and strength with good cuttability. On drilling, milling,

or turning lead argentan forms fine, friable chips. Its cuttability

amounts to 50% of that of LS63-3 brass. Lead argentan is pressure-

worked only when cold. According to TsMTU 4589-55, lead argentan is

produced in soft, semihard, and hard strips. For the principal proper-

ties of lead argentan see the article entitled Copper-Nickel alloys.

Ye.S. Shpichinetskiy
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LEAD BABBITT- a lead-based alloy intended for casting bearings.

The principal alloying element in lead-based babbitts are tin, antimony,

and copper (Table 1). Cadmium, nickel, arsenic, and tellurium are also

found in certain types. The tin content of lead-tin babbitts produced

to Soviet standards does not exceed 7%.

TABLE 1

Chemical Composition of Lead-Tin Babbitts * (GOST
1320-55)

1~ ~ ca a. Njap u m mam aloe P 1% s p w_ I loI "Was
• .. ._ . .o . . .u .9 CI 1A Fe Pb &J L a .I O'5 C3PU-

__ _ __ _ .. e 0oaoeen

ST ...... 1 -- I f t&-I- 0. , _.1 .i

IT I#.2"T ........ 1- 4 -1 2.1:- - 1.2S- 4.11- - . .15- 0,110,1 6.35
" atm - 09 0.23 .'110.

*The tin content of B16 should not exceed its an-
timony content. HE may contain impurities of up
to 0. 1% Cd and 0.2% Ni, while B16 may contain up
to 0:1% Cd and 0.5% Ni.

1) Alloy; R) content of elements (%); 3) total impurities; 4) B16; 5)
EN; 6) BT; 7) B6; 8) remainder; 9) no more than.

Fig. 1. Influence of temperature on the hardness of lead-tin babbitts
with different tin contents. 1) kg/mm2 .

The strength and hardness of lead babbitt increases with its anti-

mony and tin content, but its plasticity decreases. EN and B6 alloys,

which contain arsenic, are distinguished by a fine-grained structure.
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TABLE 2
Mechanical CharactLrlzt1c.;; of Lead-
Tin BabbittO

1041.I -t I . I ,• : z
-• N ' - - .. . - e - "

" (A I A A

I1 Alloy; 2) extension6 3) kr/m;r,21) ; 4).compresslon; 5) shrinkage (%);
6ýkg-r-n/cm 2; 7) B16; 85 BN; 9) 13T; 10) B6.

TABLE 3
Physical Characteristics of Lead-Tin
Babbitts

144 91.161 6 ', 4M 11 .6

"u .w i .....'I te I , * ,, I , , ,

IT *1 . 4. - �6 T A.nS I *0•. f ,
tiv. 6 I• 4 ' I 4 I*8I , "fir ...

1) Alloy; 2) v(g/cm3); 3) solidification tan perature (C); )initia-
tion; 5) termination; 6) )(cal/cmsec. C); 7) coefficient of friction
with lubrication; 8) wear --kg); 9) Bl; 10) ,; 11) B; 12) B6.

TABLE 4

Technological Characteristics
of Lead-Tin Babbitts

TIe*JJ.WU N,•n- I r.T

. .. . . .iii ii I ,

iý Technological characteristics; 2) alloy; 3) B16; 4) EN; 5) BP; 6) B6;
7 flowability (cm); 8) linear shrinkage (%).

Addition of nickel, cadmium, or arsenic to lead babbitt increases its

hardness and strength and makes it possible to reduce the tin content

to 9-11%. When added to lead babbitt copper forms a chemical compound

with the antimony present; this compound exhibits acicu~ar crystalliza-
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TABLE 5
Applications of Lead-Tin Bab-
bitt"

Icaus 2 um somw @6t ss

an •A" U s m t 1 u*"ope s Msa.
*aum3w zut ta~b mnys~p. cz•n341 am.

won"""~ YpaWINVW11 U39 . C"IIWU so
mo~aoueogw •v1 i~mmouuu~nu upngml

• .pu. cysouu U m~lan~pU3 Sepoewis aw*gq u , O .Us I z o f a. c.. OP-O'ft

VI11.Cy"Ma a10-710sarm. a..nm"0Ug

isaeu6iilPoo •umet-e3 a. SOS sam, m?mom" I ma.oW . IO* a. 200 0. C.
" P"mU 12 o .mm

IV AX~?a* 10esUs",m

i oup

SlL iAm* As" 80021461 no"Wa.@ vnip-
Aims 0o=RmWX*GU beg'.1SI ?nownU. CY3'.
I ns a C?, PMa ap s "Po"I WUO, Sw l -

5 wvne a* 1200 a.e., amosUabNma pan.
tuPOXIM" In. saaWtpoUpHDOX00. .asmPo-
Rammwevif. feaepoPos, wounP.OCCOpS.
mWWyVo8.WPW2 uacOro. IMM "u-.coaw.

"MptlSoe 2 aaw"Prol"Wt RniTre NPOWST.

nine Momeu iNozanuuse NuuSmMMOft

AARubses" e. msaeM oamnWUNsO moWRK
asnalvMa. wOIM UESO SE9AMUMMOe0ofB-

-6 U*~SIUX CmNSOO. ?PGNCSWEMI. 609MUaS"yIIH maOco1 . s*fieonmt zSi i awI SOMlI OCflJD 09 100 so 2S0 stfff. =PO~s Soak-
Ann. r• oas a &*"M•osul Asertaem a.

•ec"Ofta Kaw 1 00 8"OTT I~. eoltM OM•

11 Alloyi 2) principal fields of application; 3) EN; 4) Br'; 5) B16;
6 6; 75 for casting rocker and crankshaft bearings for internal-com-

bustion engines (automobile, tractor, etc.), the upper halves of
thrust bearings for steam turbinest marine and stationary steam engines
of up to 1200 hp, hydroelectric turbines, electric drives, electric
motors of up to 250-750 kw, compressors and generators of up to 500 kw,
centrifugal pumps of up to 2000 hp, etc.; 8) for casting rocker and
crankshaft bearings for tracter and automobile engines; 9) for casting
the upper halves of thrust bearings for steam turbines, marine and
stationary steam engines of up to 1200 hp, saw frames, hydroelectric
turbines, electric drives, electric motors, generators, compressors,
centrifugal pumps, vacuum pumps, reduction gears and pinion stands for
rolling mills hoists of up to 1800 hp, and crushers; 10) for casting
bearings for gasoline engines, outboard bearings for compressors, bear-
ings for metal working machinery, transmissions, fans, exhaust fans,
electric motors of from 100 to 250 kw, ball mills, and gas and gasoline
engines, and pinion stands for light-weight machine tools.

tion and prevents liquation of the lighter crystals of the 0-antimony

and tin solid solution. BT babbitt, which contains a small quantity

of tellurium, has a considerably higher plasticity than other alloys.

Babbitts rapidly lose their hardness as the temperature rises (Fig. 1)
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Fig. 2. Sliding speed employed as a function of specific pressure for
EN and B6 babbitts. 1) m/sec; 2) kg/cm2 ; 3) Bl6; 4) EN.

and the working temperatures of cast-babbitt bearings consequently

shoula not exceed 800.

Tables 2-3 show the mechanical, physical, and technological charac-

teristics of lead-tin babbitts and their fields of application.
2The long-term strength of BT6 babbitt is 2.0 kg/mm

Figure 2 shows the operating conditions for EN and B6 babbitts at

different specific pressures and sliding speeds.

The principal differences in the characteristics of tin and lead-

tin babbitts lie in the greater brittleness and somewhat lower durabil-

ity of the latter, which are associated with their microstructure ,the

presence of substantial amounts of an antimony-lead eutectic). In tin

babbitts the brittle metal, antimony, forms a solid solution in the tin

(cz- and a-crystals).

Good adhesion of lead-tin babbitts to the steel bearing housing

is made possible by careful preparation of the surface of the component

to be lined and obserwe tion of the proper. technological regime.

The lead babbitts also include calcium babbits, in which the prin,-

cipal alloying components are alkali-earth metals - calcium and sodium

(Table 6).

The soft lead in BK babbitt is strengthened by dissolution of so-

dium in it or by formation of solid crystals of a calcium-lead compound
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TABLE 6
Chemical Composition of Calcium Babbitts
(according to O0ST 1209-59)*

1 e NM so fs rb c, a Xb me we

6 @ &we
Omni-- .2.02o 0..O O:22, - 0.331 1 *lS..i *0.... ogI - 0.l 0. :: , -

5 0.11 @ 1 . i ________0__

*Addition of up to 0.08% AL to BK2 is per-
missible when requested by the consumer.

1) Alloy; 2) content of elements (%); 3) other impurities; 4) BK; 5)Z&.; rt m'ei:ndev'; 7) no rro,, ( Lhý,r,.

TABLE 7
Mechanical Characteristics of Cal-
cium Babbitts

2l 4

~~~~~~!(,mi J(aLS) ' (u/a' .... )(,,,aa) ("!(ha')(% (,, a a'')(,,m

7i 0±~i~It ~ 32 IS
-- 28' - - 0 #.I -

11(2 Alloy exe0in j t/j -

l) Alloy, •' extension; 3) kgm 2; 4) compression; 5) shrinkage (%);
6 kg-m/cm, 7) BK; 8) BK2.

TABLE 8
Physical Characteristics of Cal-
clum Babbitts

Ttw ,-p. 0 K. "

2 man tscyo

4 221Alloy 2) -fgc 4)bg-ig

5) end* 6)) a/cm-sec. C); 7) coefficient of friction with lubrca
tion; A)6:wea)r (Agc m2 a);9 BK; 10) BK2.

(Pb 3 Ca). In BK and BK2 babbitt these crystals are a solid srcua

constituent similar to the solid solution of fr-antimony and tin In !tin

and lead babbitta. BK2 babbitt is a solid solution of tin and magn slum
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3n /4..

Fig. 3. Hardness of lead alloyed with various metals u3ed in babbitts.
1) kg/mm2 ; 2) alloying elements, %.

in lead. Calcium babbitts have a harder base than other lead babbittz

sin.e th: ntren l cff'rtif szdium and mragnerium is subp+-' *ially

greater than that of the other metals added to lead babbitts (Fig. 3).

Calcium babbitts are distinguished by high mechanical characteristics,

good durability, and a low coefficient of friction (Tables 7-8), but

their usefulness is limited, since they are unable to adhere well to

steel bushings, as tin and lead-tin babbitts do. In order to obtain a

strong Joint between the babbitt layer and the bushing it is necessary

to employ various types of mechanical fastening ("dovetailing," etc.).

BK2 babbitt has a considerably higher plasticity and impact

strength than BK, which contains more calcium and sodlum. The linear

shrinkage of BK babbitt amounts to 0.75%. Calcium babbitts have come

into wide use as bearings for railway and subway rolling stock, mining

equipment, briquette presses, and other machinery.

References: Spravochnik mashinostroitelya [Handbook of Machine

Building], 2nd Edition, Vol. 2, Moscow, 1956; Spravochnik metallista

[Metalworker's Handbook], Vol. 3, Books 1-2, Moscow, 1959; Tselikov,

I.A., Vazinger, V.N., Alloys of Lead with Alkali and Alkaline-Earth

Metals, Kal'tsiyevyye babbity [Calcium Babbitts], Scientific-Technical

Committee of NKPS [National Commissariat of Communications], No. 65,

Moscow, 1927; Shpagin, A.I., Antifriktsionnyye splavy (Antifriction

Alloys], Moscow, 1956. O.Ye. Kestner
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LEAD BRASS (rree-cutting brass) - brass containing 57-75% Cu whose

prinalpal alloying element if lead. Addition of lead, which is virtual-

ly insoluble in the brass solid solution, makes the metal more cuttable

and increases its antifriction characteristics. The cuttability of type

LS63-3 lead brass is assumed to be 100%. Lead brass is easily deformed

when cold. GOST 1019-47 shows 7 types of lead brass, 3 of which are

Muntz metal. Sheets, strips, bands, bars, shapes, and wire are produced

from lead brass.

TABLE 1
Chemical Composition and Mechanical Characteristics of
Lead Brasses

CD*DuaN1 1 un .o" u. ewne 3 MeXA.... CDO.MT$4 a focr•CtIff

Cam 2 !ý) UO i'OCT 1019--'17 ,, 6, WW"•,•• M~mm

__________(%) -. t(a')tAu..a.as')
Ce Pb El * (,,, t (%) Z(.D/a') 5(• a J

I -I I T-I-.--" 
-

J" C744....... 72-75 2.4-3.0 b1OC0..--71 2-1 100--12o U:-40 140-- 1 50-6(1
J11:c 2 ......... -161 I . --2,0 ',:-:1 4-- 10-12 11 -- 4I 5S-65 40l-411I
9 3-3 2-.........:--s 2. --3.11 - 6-4 - 1-05-125 3=-40 40.-- 511-7o
1 I) 8-I-I . .. 5 -- I 0,7-I5- 11 0 . .. . .

1) Alloy; 2) content of basic elements (%) according to GOST 1019-4ý;
mechanical characteristics in following state: 4 hard; 5) kg/mm:

9 soft* 7) LS74-3; 8) LS64-2; 9) LS63-3; 10) LZhS5-1-1; 11) remain-
der; 121 the same.

TABLE 2
Physical and Technical Characteristics of Lead Brasses

O~.6. 43E.!7 True -P (c)

__-, 0 U• .'s o ovnom.
o***'b (E * co3J8873 j

AC74- (I6? ) t.6 0,29 00075 I , 10 1 54 0 6
JIC4-2 Igo I : 20.I 0,28 00N: It loS I g00450-01 aiI
aC6J.3 8.5 20.10 0.20 0.066 1000 1I09 60-4

1 1) Alloy- 2) y(g/cm3 ); 3) x(cal/cm2, sec'°C); 4) p(ohm-mm 2 m); 5) E(kg/
A=2mm); 63 cuttability with respect to LS63-3 brass (%); 7) temperature
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(CO); 8) annealing; 9) melting; 10) 1274-3; 11) LS64-2; 12) WG63-3.

Lead brasses are supplied in hard (cold-worked), semiihard, arxd

soft (annealed) variants. The harder a lead brass, the finer are tUe

chips produced during cutting. Lead brasses are used in the manufacture

of watch parts, polygraph matrices, friction clutches, nuts, bolts, and

other cut components which must have high corrosion resistance. Lead

brasses of types LS59-1 and LS63 and Muntz metal are the most widely

employed. LS59-1 brass is used to produce soft and hard wire froM 2.0

tn 12.0 mm In diameter, in accordance with GOST i066-.9, a'nd .oAu-rvll-

ed sheets and strips from 0.4 to 10 mm thick and hot-rolled .heets frort.

5 to 22 mm thick, in accordance with GOST 931-52.

Soft (Cb > 0 kg/mm2, 6 > 40%), semihard (ab > 35-44 kg/Arn 2 ), hard

Gb'> 44-54 kg/mm2 , 6 > 6%), and espeically hard (ab > 64 kg/mm2 , 6 >

> 5%) bands from ".55 to 1.4 mm thick and strips from 1.5 to 8.0 mr.

thick are produced for the watch industry from IZ63-3 brass, in accord-

ance with GOST 4442-48. Pressed and drawn rods with round, rectangular,

* and hexagonal cross-sections and varying dimensions are produced from

LS59-1, LS63-3, and LZhS58-1-1 (GOST 2060-60). Semifinished produces

of other types of lead brasses are manufactured in accordance with

technic~l specifications. Tables 1 and 2 show the chemical composition

and principal characteristics of lead brasses.

References: Smiryagin, A.P., Promyshlennyye tsvetnyye metally i

splavy [Commercial Nonferrous Metals and Alloys], 2nd Edition, Moscow,

1956; Spravochnik po mashinostroitel'nym materialam (Handbook of Ma-

chine-Building Materials], Vol. 2, Moscow, 1959; Metals Handbook, Cleve-

S land, 1948 (Asm).

Ye. S. Shpichinetskiy

2245



II- 17. a

LEAD BRONZE - a copper alloy whose principal alloying element Is

lead (Table 1). It is used in heavily loaded bearings subject to im-

pact and alternating stresses. Structurally, lead bronze consists of

comparatively hard copper crystals with inclusions of soft lead. The

structure of lead bronze remains unchanged when small quantities of

tin, nickel, or silver are added. The mechnical characteristics of cop-

per-lead alloys decrease and their antifriction characteristics in-

crease as their lead content risea. Addition of tin increases the mech-

anical characteristics of the alloy, especially its fatigue resistance

i (Table 2)., Nickel and silver have little influence on the mechanical

properties of the alloy when present in concentrations of less than 2%.

Lead bronze has a considerably higher heat resistance than other bear-

Ing alloys. A slight decrease in hardness sets in only at temperatures

above 150o. The thermal conductivity of these alloys is several times

that of tin and lead babbits (Table 3). Lead bronze is used in the form

or a steel-bronze bimetal.

TABLE1 1
Chemical Composition of Lead Bronzes

2 c mP""emo %

P.1 ,b So P Co 9b F0 I Al IAS S t4 Z,.

5spob 0.3 250.0 0 .005 0.1 0.2 0 .1 0. 4•,la e

6 : I U*2 I-. 2 1o 0.1 • 0o.3 0.25 0. 2 0.005 0.1 -0. 0.1 0.0 l.e I,]O,

1) Alloy- 2) content of elements (%); 3)Yno more than; 4) total impur-
ities; 53 BrS30; 6) BrOSl-22; 7) up to; 8) remainder; 9) in addition
to Sn and Ni; 10) in addition to Ni.
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TABLE 2

Mechanical Characteristics
of Lead Bronzes

A I ,1 35 1 .. 2

*Based on 20 million cycles.

1) Alloy; 2) kg/mm2 ; 3) kg-m/cm2 ; 4) BrS30; 5) BrOSl-22.

TABLE 3
Physical Characteristics
of Lead Bronzes

2 010,1,- 3"1CaM s 'f (0, AI 6 6i k(*A CA (tw *C)

5 pOtl -2: 9,2 0:.2O30

1) Alloy; 2) -y(g/cm3 ); 3) X(cal/cm'sec'°C); 4) BrS30; 5) BrOSi-22.

Bimetallic bearings are manufactured by casting individual bush-

ings, which are heated to high temperatures (10500) under a protective

flux, or by casting a strip from which the bushings are subsequently

stamped. One special feature of lead bronze is its tendency toward

liquation. Special measures, such as especially rapid cooling by spray-

ing with water, are employed to prevent liquation. Shafts intended to

function in conjunction with lead-bronze bearings should be heat-treat-

ed to a hardness RC ý 45 and their surfaces should be thoroughly clean-

ed. Such bearings are machined with a diamond drill, making shallow

cups at high speed. In order to accelerate running-in the final bearing

surface is galvanically coated with a thin layer (30-50 0) of lead and

indium or lead and tin, which permits compensaticn for any noncorres-

pondence in the geometry of the friction pair and ensures the requisite
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conditions for hydrodynamic lubrication of the bearing. This applled

layer of soft metal functions almost without wear for hundreds of hours.

References: Shpagin, A.I.,, Antifriktsionnyye splavy [Antifriction

Alloys], Moscow, 1956; Spravochnik mashinostroitelya [Handbook of Ma.-

chine htilding], 2•nd Edition, Vol. 2., Moscow, 1956; Spravochnik metal-

lista (Metalworker's Handbook]# Vol. 3, Books 1-2, Moscow, 1959; Sprav-

ochnik po mashinoctroitel'nym materialam [Handbook of Machine-Building

Materials], Vol. 2, Moscow, 1959.
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LEATHMRETE -see Lcathcr Sub.stitutesý.
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LSATHEROID is a variety or thin sheet fiber used In electric ma-

- --chinery construction.
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LEATHER SUBSTITUTE MATERIALS are textile fabrics which are coated

on one side, less frequently on both sides, with films based on vege-

table oils (oilcloth), nitrocellulose (leatherette), polyvinyl chloride

(testovinite and pavinol), and polyamides. The film composition contains

pigments, fillers, plasticizers, antipyrenes (to provide noncombustibil-

ity). Waterproofing of the fabrics is achieved by special impregnation.

The basic data and the mechanical properties of the leatner substitute

materials are given in the table.

Oilcloth. Low combustibility; stable to 60; must not pass water;

resistance of color to abrasion in wet condtion no less than numtir 4.

Film adhesiveness 0.4-0.5 kg/cm2 . Resistance of film on TsNIIKZ tester

no less than 60-160 cycles in abrasion and 60-90 cycles in bending.

Leatherettes. Combustible. Smooth hose leatherette is resistant to

gasoline, kerosene, oil; embossed automobile leatherette is stable in

the range from +60 to -50". In waterproof testing, films of all grades

of leatherette must not soften after two hours, must not become sticky

and the pigment must not wash out (water resistance is determined by

pouring 0.5 liters of water at room temperature into a bag made from

the material with an area of 15 x 15 cm2 . Adhesion of the film to the

fabric must be no less than one kg. Film on moleskin substrate must not

crack prior to failure of the fabric.

Aircraft materials (thin leatherettes). Noncombustible; stable to

90-100; stiffness (bump test method) no more than 71 mm for ANAM, AN224

and ANKM, no more than 90 mm for AZT. For the physical and mechanical

properties and water resistance of ANAM, ANZM, ANlM, AVZK, AZT see art-
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Basic Data on Leather Substitute Haterials

04 11 1S44 _1

In%_____ T. 0-M, 6094~. 1 1 
-1110 Nd a-Pop. 9,0ma.. Itsi ""lei. 132,. 4 '~ 21_ _ ~ 49

& I its I ato 0 -V S.t.o

be a). I W a so 1

9thr B 940 ft , 2 103,14.9

10;" is of . f0*. - - 84$* It 7. 24* :0,t

U ""b w"& 2 to#8. 41. 68;

is *41so"" 1*3 I 9. 1 7.9 7.9

tit - AM9et4 64. 362 1.I Co
to~ -E5 7.. N,469.,~i IFAM , 10.9 4*a4 ei3

'5I Ift
WANta 8#.9 A09 (T 1I* tt

11 floe...11,..lo

I I~ I AND

1) Leather substitute materials (008? or TU); 2) substrate fabric; 3)diesos 4) weight per mý' (g); 5) breaking load kg, no less than); -6P 1lngtion() 7) tear strength (kg); 8) width (em ; 9) roll length10) thickness (mm), 11) warp; 12) fill; 13) srpollt GS
27)0-57); 114) cambric, nerge; 15) leatherettes; 16) smooth hose (008?9236 59) 17) moleskin; 18) embossed automobile (006? 9236.59); 19)sawe; 205 furniture (00? 9236-59); 21) shoe fabric, moleskin; 22) book-binding (008? 8705-45); 23) cambric; 2)phonograph; 25) serge, mole-
akin. 26)1 or; 27) curtain; 28) textovintes; 29) porous upholstery No.1-4 (008? 6603.53); 30) 1-2 moleskin, 3 AST-100, 14c oarse calico; 31)porous clothing No. 5-7; 32) 5 canvas, 6 moleskin, 7 satin; 33) nonpor-cue No. 8-16; 34) 8_ 10 moleskin, 11-12 canvas 13 coarse calico, 14 AST--100, 15canvas, 16 satin; 35) for and ; 365 no les than 2; 37) pay-meol; 38) pavinol aricraft P'.A. (TU 1359); 1P) glas~s iber; 40) no lessthan 85; 41) 370 ±50 (small patterns) 400 Z 50 (large pattern); 42)'strip.

idle Nonflazmmable Materials.

Testoyinites. Low combustibility; stable at temperatures from +70
to -25% Vapor permeability of porous upholstery textovinite is no letss
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than 0.8 md/cm -hr; resistance to Cazoline 10 minutu,, to kcro.;,.-nr 4

minutes, oil 1.5 hours. Water permeability of porous clothing te7.tulit.

is 0.1 cm3/cm2 -hr. In testing for waterprooflrn,, thu film mu:.t not ::orf-

ten nor become sticky after two hours and the pigment must not wash out.

After soak for three minutes in concentrated nitric acid the ztrnintth

loss of porous textolite must not exceed 45%. Adhesion of film with

fabric is no less than 3 kg/50 r.n. Wear of the porous textolites (after

10,000 cycles) is 131 g/m 2, corresponding figure for nonporous materi-

als is 50 g/m 2. Nonporous textolite has high resistance to gasoline

(two hours) and kerosene (two hours) in comparison with porous textol-

ite. The water resistance is the same for both.

Pavinol. Does not burn or smolder after removal of flame. iavinol

must not crack at temperatures above -250 (see Pavinol).

The nonflammable and waterproof materials are used for facing ther-

mal insulating materials; ANKM, leatherettes, textovinites and pavinol

are used as coverings for ceilings, walls, doors, furniture, railway

car, aircraft, and automobile seats, etc. Porous textovinite (vapor

permeable) is used for the fabrication of special sanitary clothing and

also for footwear.

I.Yu. Sheydeman
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IzEP1RITE is a eutectic mixture of austenite and cementite which

forms at the point C (1130) of the state diagram of iron-carbon. With

cooling below the point A (723* for the pure iron-carbon alloys), the

austenite which appears in the composition of the ledeburite is con-

verted into perlite, consequently at normal temperature ledeburite con-

@s.,ts of perlite and cementite.

In the pure iron-carbon alloys ledeburite Is formed with a carbon

content of more than 2%, i.e., only in the pig irons. In the highly al-

loyed steels with a carbon content of 0.7-1% and with the presence of

the carbide-forming alloying elements (Cr, W, Mo, V), ledeburite is a

component part of the structure in the cast condition; the carbides of

the alloying elements enter into this structure In place of the cemen-

tite. Such a steel (for example, the high-speed Cr-W-V steel R18 and

R9) be songs to the ledeburite class. The name ledeburIte is used in

honor •f the German scientist-metallurgist A. Ledebur.

A.F. Golovin
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LUGH• ALLOYS are structural alloys based on the metals with low

specific weight (see Aluminum Alloys, Manganese Alloys, Titanium Al-

loys, Beryllium Alloys). The index of the structural strength of the

light alloy is not Its absolute value, but the specific strength (see

Specific Strength). The light alloys are widely used in transport ma-

chine construction, particularly in aviation, and in domestic articles.

O.S. Pc-hvar, K.S. Pokhodayev
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LIGHT- AND OZONE-RESISTANT RUBBER - rubber which retains its prop-

erties under atomospheric conditions and under conditions associated

with generation of ozone. The majority of rubbers crack and lose their

usefulness when deformed (by extension, torsion, or bending, but not

by pure compression) in the presence of gaseous ozone. The maximum

ozone concentration is 2-%-10"6% at the earth's surface, -20010"6% at

an altitude of 20-25 km, and 5i0"6• % at the summits of high mountains.

Ozone in higt concentrations may be formed in the presence of spark

discharges (•igh-voltage installations) or ultraviolet, x-ray, y, and

other types of radiation produced during the operation of nuclear reac-
tors, electronic instruments and equipment, etc.

Rubbers can be divided into three groups in accordance with their

resistance to ozone cracking:

Especially stable rubbers are based on saturated polymers (fluor-

ine-containing polymers, chlorsulphated polyethylene, ethylene-propyl-

ene, polyisobutylene, and, to a lesser extent, siloxane gums lacking

double bonds) remain intact for prolonged periods (years) on exposure

to ozone in atmospheric concentrations or concentrations of the order

of 0.1-1%.

TABLE 1

5 6.2 M 0 .~ " Is 0."
ese-i.e .-. I

500 lO"00- $OO St e 00o... t.2ItO-L- I.0.I0"--I 2.5. iS'--
- -7.i*' "-0.511 -I -|"

1) Rubbers based on the following gums; 2) natural; 3) SKS-30; 4)

polychloroprene; 5) u, cal/mole; 6) To, min.
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TABLE 2

3 cmc-:i , I 3I

CHII-s ..11 241

1) Gum;.2) NK; 3) SKS-30; 4) SKN-26; 5) SKB; 6) SKN-40.

Moderately stable rubbers are based on butyl rubber, brombutyl

rubber, and chloroprene. These rubbers crack within a few months at

atmospheric ozone concentrations; at ozone concentrations of the order

of 10" 2-I01% they crack within several tens of minutes at room te'o

erature.

Unstable rubbers are based on unsaturated gums (natural, isoprene,

divinylstyrene, divinylnitrite, and divinyl) and break down within a

few days under the action of atmospheric ozone concentrations.

Addition of active or inactive fillers or of softeners reduces

the time rqtlaired for appearance of ozone cracks and the time to frac-

ture under test (or operational) conditions, the degree of deformation

remaining constant. In tests involving identical stresses addition of

fillers, especially active fillers, L',creases the time to fracture in

the low-stress region to approximately kg/cm2. All three types of rub-

ber are used commercially. Unstable rubbers require special protection

against ozone and proper selection of working conditions.

Under constant deformation the time required for cracks to ap-

pear (TU) decreases monotonically as the deformation increases. The

time to fracture (Tp), which, together with Tu' is the principal quan-

titative index of the resistance of a rubber to ozone cracking, des-

cribes a curve with a minimum (the reglon of most dangerous critical

deformation Ekr) and a maximum as the deformation increases. For the

majority of rubbers Ekr lies in the region of 15-20% tensile deforma-
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For NK rubbers ckr may shift to 5%, depending on the type of gum. For

polychloroprene rubbers ekr shifts to the region of deformation by

more than 60%, while for butyl rubbers it lies in the region of defor-

mation by more than 80%. Addition of active fillers to rubbers based

on nonpolar gums shifts tkr toward larger deformations, while addition

of softeners to polar gums shifts Ekr toward smaller deformations.

A constant stress for load displaces £kr toward smaller deforma-

tions than when e - const; two-dimensional extension shifts Ekr great-

ly toward larger deformations. Distension of the surface layer causes

displacement of Ekr toward larger deformations and increases the re-

sistance of the rubber to ozone cracking. In particular, superficial

distension with water or a mospheric water vapor, which is espeically

important in tropical climates, somewhat increases the resistance of

NK rubbers and polychloroprene. A rize in temperature usually leads to

a drop in T and rp, as well as to displacement of 6kr toward smaller

deformations, so that T may exhibit an anomalous temperature func-

tion. There is a sharp increase in the Tp of rubbers functioning at

E - const when the temperature drops (to below 0), especially during

crystallization or vitrification. The ozone resistance of rubbers un-

der constant stress is increased to a lesser extent and even vitrified

rubbers crack. The p of a rubber under tension can be evaluated as a

function of the stress (o), ozone concentration (C), and temperature

(T) only when it doeo not contain ozone-protective substances, when

its deformation is less than Ekr, and over the temperature range 20-

500. The empirical formula T = Tod bC'aeUjRT is valid in this case.

Table 1 shows the orders of magnitude of a, b, u, and If for certain

unfilled rubbers, with v expressed in min, 6 in kg/cm2 , C in % by vol-

ume, and u in cal/mole.

The formula for b as a function of the volumetric caoutchouc con-
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tent (vl) takes the form b = boekVl, where vI = v-v 1 /v, v Is the vol-

ume of rubber, and vI is the volume of nongum ingredients in an equal

amount of rubber. Table 2 shows the values of b0 and k for rubbers

based on different gums.

Sunlight usually accelerates the ozone cracking of rubbers, es-

pecially those which are unstable. The resistance of rubbers to ozone

can be increased by adding waxy substances (which migrate to the sur-

face) or anti-ozone-aging agents, by reducing the tensile stresses,

or by creating compressive stresses in the surface layer of the arti-

cal. It is sometimes possible to increase the resistance to ozone

cracking of components functioning under static deformation to 2-3

years with waxes. A more common technique for protecting rubbers which

must function under static and dynamic deformations is addition of an-

ti-ozone-aging agents, the most effective of which is 4010 NA (phenol-

isopropyl paraphenylene diamine). It has been suggested in England

that rubbers be protected by superficial application of.concentrated

solutions or aqueous suspensions of antioz6nants. Chloroprene is most

widely used in the USSR for producing light-* and ozone-resistant rub-

bers, while butyl rubber and chlorsulphated polyethylene are used

abroad. Unstable rubbers are commonly pro tected with anti-ozone-aging

agents and waxes, as well as by combinations of these subtances with

chlorsulphated polyethylene and polychloroprene. Unstressed rubber ar-

ticles functioning in the open air are essentially subject only to

light and light-heat aging, which alters their color and rigidity.

Thin-walled products (rubber and rubber-cloth membranes, protective

clothing, covers, etc.) are especially affected. The resistance of

rubbers to light is greatly enhanced by addition of soot, coating with

powdered aluminum, or additicn of anti-light-aging agents (nickel di-

butyldithiocarbamate, 2,6-di-tributyl-l-methylphenol, 2,2-methylene-
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bis-4-methyl-6-tributylphenol, etc.); the latter do not-alter th.e co-

lor of the rubber in light. Butyl rubber, chlorsulphated polyethylene,

polychloroprene, and NK are used with the appropriate protective sub-

stance3 in the manufacture of light-resistant rubbers...

References: Kuz'minskiy, A.S., Lezhnev, l.N., Zuyev, Yu.S., 0kis-

leniye kauchukov i rezin [Oxidation of Gums and Rubbers], Moscow,

1957; Zuvev, Yu.S., Borshchevskaya, A.Z.,l Metody zashchity rezinovykh

izdeliy ot ozonnogo rastreskivaniya [Methods of Protecting Rubber Ar-

tidces from Ozone Cracking], Moscow, 1957; Zuyev,. YuS., Pravednikova,

S.I., Kotel'nikova, G.V., I I R, 1961, No. 11; Zuyev, Yu.S., Pravedni-

kova, S.I., Kotel'nikova, O.V., K i R, 1962, No. 3; Zuyev, Yu.S.,

Malofeyevskaya, V.F., K i R, 1961, No. 6; Smirnova, L.A., in collec-

tion: Khimiya i tekhnologiya polimerov (Chemistry and Technology of

Polymers], collection of translations from the foreign periodical

literature, 1960, No. 11; Stareniye i zashchita rezin [Aging and Pro.-

tection of Rubbers), collection of articles, Moscow, 1960, pages 3,

27; Zuiyev, Yu.S. et al., VS, 1961, Vol. 3, No. 2, page 1614; Zuyev, Yu.

S., Postovskaya, A.F., Svetovoye stareniye, zashchita i retseptura iz-

deleniy iz tsvetnykh rezin [I.ight Aging, Protection, and Compounding

of Colored-Rubber Articles], Moscow, 1959.

YuS. Zuyev
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LIMITING CYCLE AMPLITUDE - the stress amplitude corresponding to

the limit of durability (or the limit of restricted durability).
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LIMinO CYCLIC IRMSS - the maximum and minimum cyclic stress
corresponding to the limit of durability (or the limit of restricted

durability).

V 2262



IU44

LIMIT OF FORCED ELASTICITY - the stress at the instant of necking

at the weakest point on extinction of a polymer (Fig.). The limit of

Curve for extension of an amorphous solid polymer: I) Segment of elas-
tic deformation; II) gradual transition of entire specimen to neck;
III) extension of oriented specimen to fracture. a) Stress; b) elonga-
tion.

forced elasticity is designated as ob. In crystalline polymers (see

Strength of polymers) necking is associated with a first-order phase

transition from the initial to the oriented phase, with the chain lying

along the axis of extension. Forced deformation of an amorphlc polymer

(see Highly elastic deformation) is not associated with a phase transi-

tion. The limit of forced elastlci ty increases as the temperature de-

creases. At low temperatures the extension curve does not reach a max-

imum, since brittle fracture occurs.

B.M. Bartenev
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LIMIT OF PROPORTIONALITY - the maximum stress at which deformation

still increases in proportion to the applied load. In engineering the

arbitrary proportionality limit is defined as the stress at which the

deviation of the increase in deformation (elongation, shrinkage, shear)

from the law of proportionality reaches a definite stipulated value:

50% (sometimes 10 or 30%) for elongation on extension or bending and

shrinkage on compression and 75, 15, and 45% for shear on torsion. The

proportionality limits for extension, compression warping, bending,

and torsion are designated as apts' 0-pts' Opts sm' apts izgs and Tpts

respectively. The proportionality limit is calculated from the follow-

Ing formulas: O -pts/•0, .pts -rpts/o, 0pts /a P /d..ts 'ts ts ts 1 pt sm pts

opts izg = 
6 MIzg pts/bh2 (for a rectangular specimen with a width b

and a height.h,), Tpts Micr pts /lid'(for a round specimen with a diame-

ter d). In these equations Ppts is the axial load at the proportional-

ity limit in kg, Mizg pts is the bending moment at the limit of propor-

tionality in kg-cm or kg-fm, Mkr pts is the tortional moment at the pro-

porticnality limit in kg-cm or kg-mm, P0 is the initial cross-sectional

area of-the specimen in mm2 or cm2 , d is the aperture diameter in mm or

cm, and a is the width of the plate in mm or cm in warping tests. The

tensile and compressive proportionality limits of low- and medium-

strength structural steels (after annealing, normalization, and high

tempering) and aluminum and titanium alloys are generally very low.

The compres~sive proportionality limit is usually 10-15% than the ten-

sile -proportionality limit in high-strength steels and 10-20% lower

than the tensile limit in magnesium alloys. The tensile and compressive
2264e
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proportionality limits of cold-worked materials may differ materially;

this Is due principally to the Bauschinger effect. In very' soft mater-

ials with a low yield strength (e.g., copper) the value of the propor-

tionality limit Is greatly affected by surface hardening during ma-

chining; in such cases the finished specimen to be used for dpterrnina-

ticn or the proportionality limit must be preliminarily annealed In

order to eliminate cold hardening.

S.I. Kishkina-Ratner
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LIMIT OF RESTRICTED DURABILITY - a characteristic of the durability

of a material in the descending segment of the Fatigue curve. In tests

with a constant coefficient of cycle asymmetry the limit of restricted

durability is defined as the greatest maximum (with respect to ampli-

tude) cyclic stress at which the specimen withstands fracture for a

definite (predetermined) number of cycles. In tests with a constant

mean-stress the limit of restricted durability is defined as the great-

est cyclic-stress amplitude at which the specimen withstands fracture

for a definite (predetermined) number of cycles. In testing a large

number of specimens and subjecting the test results to statistical

processing the value of the limit of restricted durability can be de-

fined as a function of the probability P that the specimen will frac-

ture, as the greatest maximum cyclic stress (with respect to amplitude)

or as the greatest cyclic-stress amplitude at which the specimen does

not undergo fatigue fracture (with a probability P) during a definite

(predetermined) number of cycles.

O.T. Ivanov
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LINEAR DEFO1WiATION- elementary deformation, which arises under

the action of normal stresses; is expressed by the increase in the dis-

placement of points in a body in the direction of one of the coordinate

axes; is characterized by elongation or contraction.

N.V. Kadobnova
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LINEAR THERMAL EXPANSION COEFFICIENT is a measure of the linear ex-
pansion coefficient (a) is determined from the expression . 'z~ where

1 is the body length at 00, and the variation of the length dl with

variation of the temperature dT Is taken with a constant external pres-

sure. For the determination of a it is necessary to measure accurately

the length of the test rod, its elongation, and also the initial and

final temperatures. The measurement of a Is carried out on dynamometers

of various designs. For solid bodies of complex composition (metal al-

loys or glasses) it .is computed from the Mattisen formula:

where vi is the volume of the i-th material present in the alloy com-

position, v is the body volume; in some materials ri is subject to sev-

eral anomalies. Thus, for example, amorphous quartz expands on cooling

frcm -58* to -250, while rubber which is stretched by a constant load

shrinks with heating. The linear thermal expansion coeffic ient of the

plastics and rubbers is several times larger than for the metals, which

must be taken into account in the design of reinforced plastic products

and rubber fillers, since the thermal shrinkage of these materials

leads either to cracking or to the loss of pressure tightness. With

nonuniform cooling and heating of materials there arise thermoelastic

stresses whose magnitude depends on the linear thermal expansion coef-

ficient. The linear thermal expansion coefficient of the egineering

plastics varies over wide limits from 0.3.105 to 36"10 The pure

resins have the highest values of a (for example, for fo Idehyde re-
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sin - l1".05). Fillers, as a rule, reduce this value.

G.M. Bartenev
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LIZQID UIELECTIRCS- see Dielectrics.
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LKT AND LL STRIP3 are woven textile productz made from kapron

(LKT strip) or lavsan (LL strip) threads which have high strength in

the filling direction and are used for the soft retention of transpar-

ent components made from plexiglass in metal fr:;ues. This retention

permits quite free movement of the plexiglass relative to the frame,

permits uniform transmission of operational loading along the entire

perimetry of the retention and eliminates local stress concentrations

in the plexiglass at points of restraint. The LKT strip is fabricated

by garniturc interweaving from thrown kapron silk of Nm 34 and 12

strands in the warp and Nm 34 and 16 strands in the fill directiors.

while the LL strip is fabricated by repp weaving from twisted lavzaan

silk 34/4/3 in the warp and 34/8/4 in the filling directiono. The strip

width is from 70 to 110 mm with retention of all the materia: proper-

ties with exception of weight per running meter, which depends on the

strip width.

The LKT kapron stripping is recommended for the retention of trans-

details operating for long periods at temperatures no higher ti-.n 80,

while the lavsan stripping is recommended for operating tempera- ures to

1500. In order to provide for dimensional stability of the LL sLrip at

elevated temperatures, it must be subjected to heat treatment at 155-

1600 for one hour; during the heat treatment the width and length cf

the strip will be reduced by 10-13% while the strength will increase by

10-13%. Thereafter the initial condition of the LL strip is considered

to be its condition after the thermal treatment. The LKT strip, recom-

mended for usage at lower temperatures, does not require heat treatment.
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The basic physical and mechanical properties of the LKI and LL strip-

ping are presented in the Table.

- AAA) A. AA) to." . ',..., t", If- .
I. ]. m wr,. ttA,• l t 4UI1fi-W VW

'4 't2 ... ,r'..N W"1

"ue 19T lot o . tX 2 13 1
1-to 1 t1l . 11 22 _zooI... I I3.

1) Strip; 2) width (mm); 3) weight per running meter
(g, no more than); 4) thickness (rmn); 5) breakinl•oad of each band .of the strip (kg, no less than);

• . 6) breaking elongation W%; 7) along the warp, band

50 mm wide; 8) along the fill, band 25 mm wide, 9)
Salong warp; 10) along fill; 11) LKT M 1268:55)!
121 LL prior to thermal treatment (VTU T-227-591;
13) no more than; 14) LL after thermal treatment.

;i•!4y 6rbn t, i kg•, , 1 tha

Tensile curves for the LL and LKT stripping in warp direction: 1) LL at
20-25",; 2) a at 20-25*; 3) LL at 150 (prior to long-time exposure to
a temperature of 1500); 4) LL at 20-25" after exposure to temperature
of 150° for 300*hours; 5) LL at 150 after exposure to a temperature of
150° for 300 hours; 6) strength in warp direction; 7) kg/cm; 8) elonga-
tion, •

Long-time (for 300 hours) exposure to elevated temperature (up to

1500) reduces the strength of the LL strip to 50% of the initial value;

the strength of strip tested after this at 20-25* amounted to 94% of

the initial value. The elongations in the warp direction at failure

were equal to 34.and 59%, respectively. The figure presents the tensile

curves for the LL lavsan strip in the warp direction at 20-25" and 150'

and for the LKT kapron strip at 20-25°, fron which we can Judge the

magnitudes of the strip deformations which can take place with opera-

. •2272
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tion of the retention member: for window elements. Thetie defurmationr:;

"must be taken Into account In the Impregnation of the retention member

with the sealing materials. We must also tRke Into account the inter,:;e

aging of the LL and LXT stripping under the action of direct solar

rays. Therefore, during the storage and use of these strippIngs In

structures they must be protected from direct exposure to solar radia-

tion.

A.S. KonstantInov
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LONGITUDINAL STABILITY - the ability of a rod loaded parallel to

its axis with compressive forces to resist passing into a state of un-

stable equilibrium. The force corresponding to this transition point is

referred to as the critical force. Longitudinal stability is one of

many cases of stability (plates, hollow tubes under external pressure,

etc.). Assurance of stability, particularly longitudinal stability, is

one of the principal conditions for structural reliability, especially

in thin-walled structures. Both local and general loss of longitudinal

stability may occur.

Ya.B. Fridman
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LONG-LIFE STRENGTH TEST - is the checking preponderance of heat-

proof metals and alloys at high temperatures, resulting in the determin-

ation of the constant stress which causes the destruction of the speci-

men (as a rule, at monoaxial stretching) for a given time interval

and a constant temperature t. The long-life strength is determined

based on the results of the test of a series of equal specimens at a

given temperature, each specimen being brought to rupture. An empirical-

ly ascertained exponential relationship is valid between the long-life

strength a and the rupture time T: r = Beo-p, (at t - const), where B

and 0 are constants depending for the given material only on the tem-

perature t. For many materials, heat-resistant steels, for example,

this relationship is linear in the coordinates (log -r, a (Fig.), and

this fact permits one to determine approximately the long-life strength

o for a useful life of some ten thousand hours by means of extrapola-

tion. This is, however, not always Just, a linear relationship between

a and T in the coordinates system (log r, a) was not observed for the

aluminum alloys D16 and V95, for example.

The relative elongation and the necking of the

cross section of the specimen in the moment of rup-

ture can also be determined in the long-life

Fig. Graph of strength test (by direct measuring the specimens be-
the long-life
strength as a fore and after rupture). The same equipment and de-
function offunction ovice are used for the long-life test as for the
the time.

creeping test (see GOST 3248-60).

References: Borzdyka A.M., Metody goryachikh mechanicheskikh ispy-
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tarty metallov [Methods of Hot Mechanical Tests of Metals], Moscow,

1955; Teoriya polzuchesti i dlitel'noy prochnosti metallov [Theory of

the Creeping and Long-life Strength of Metals], edited by I.A. Oding,

Moscow, 1959.

1.V. Kudryavtsev, D.M. Shur

I .. 7
7
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LONQ-TERM ULTIMATE STRENGTH - see Long-term strength.
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LOW-ALLOY HEAT-TREATABLE STRUCTURAL STEEL - steel that can be

hardened by heat treatment and contains up to 2% of a single alloying

element. This group includes manganese and chromium steels widely used

In industry. Table 1 shows the chemical composition of these steels,

while Table 2 shows their mechanical characteristics.

A-- I I
- -

Fig. 1. Influence of tempering temperature on the mechanical charac-
teristics of 200 steel (0.19% C, 0.96% Mn). Quenching from 890 in wa-
ter and cooling in oil after tempering (blank diameter - 20 mm). 1)

2~2.kg/nm2 ; 2) tempering temperature, °C; 3) kg-m/cm

1 - - -

* •.- -•. -- .1.

• • T • IMINrL *C.:

Fig. 2. Influence of tempering temperature on the mechanical character-
Istics of 30G steel (0.32% C, 1.18% Mn): a) Quenching from 820* in wa-
ter; b) qupnching from 840o in oil (Charpy impact specimens). 1) kgAn/m;
2) kg-m/cm , 3) tempering temperature, OC.
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TAMAE I
Chemical Composition of Low-
Alloy Heat-Treatable Struc-

tural Steels* (GOST 1050-60
and 4543-61)

Cleab

3 sr:4 : :2S:i:
0 3-0.0 7-1.14.255 ir 6 : 3-0.I-7-, .0 ,- it.2S

.1 ,r . P.27-O ,S 7.7-f.0t 4.i.25

7 air , n.Z1.-o 7n 7-1.- , r,40.2%,• ur a . .37-0..4s U.7-l1'. ' .•.21

9411r,.2.. O --0. S .O--, 7-t a P ,.21•ib U.0 e.4i -0.$ bG --. ":7.=
2 3or . .7-0.6s .--. 0 0,.2s

5r :1 2 . '0.12-- 0.7 --t.R ,:t •2 -

13 0teel.7-0o.t 0 2 0t-.21-O,~r 0,7--0.15 12 1. 82
1.5 35r1: . , 31 .•l-0.301P A1, -lO 6•.1

4,,41 2 0'.16l-0,44 1.4--l.8 4,.25

bi, n : :•' 4 0 .'l- .S t+-~ 4;0 2S+

074s:.37% Si whil .;e 35"R

and OhX cn25-t.a3 0.0-0-.005
) ese2 o nx c ite-e a (%)-;I 3)-- 1 )0-- ) 5 0
2; 1 1450 18) r 0.0"190 O)'s-0.8 30I ;2) ;1

35hA 2 h0.3--3.) h 24) a 2 5a--I 2
234 0X . 3" .4 0.•--. o5--0.8 l-~

25• 4S .0 X I ".1-.1 0.5--0.4 ~ --

Figures 1-9 show the mechanical car-cteristic-o-cetintye

l-teale steels contain 0.an7- ua
0 37r St, while T..,pes 35KhRA
aTd coKhR contain o. 002-0.005b
B. ,

2) Steel; 2) content of basic elements (f); 3) 150300; 7) 35G; 8) 4oG; 9) 45G; 10) 500; 11)600; 1-2) 650; 13) 700; 14).
lOG2;. 15) 35G2; 16) 40G2; 17) 45G2; 18) 50G2- 19) 30Kh; 201 35Kg; 21)
35KhRA; 22) 38KhA; 23) 40Xh; 24) 4OKhR; 25) 45Kh; 26) 50Kh.

Figures 1-9 show the mechanical characteristics of certain types

of low-alloy heat-treatable structural steel after quenching and heat

treatment under various regimes, while Table 3 shows these character•-

Istics at elevated temperatures. "

As a result of the comparatively low hardenability of steels of

this type, their mechanical characteristics depend to a considerable

extent on the cross-sectional area of the component to be hardened.

S Their critical points are shown in Table 4.

" ~Forging and other hot deformation of low-alloy heat-treatable

structural steels presents no diffidulty arid is usually conducted over
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MGechanical Cbaacteristlcs or Low.4.LUoy Reat-Creatable Struactural1 Steele (G=0 1050.60
arA k543-61) _________

?.PWA1vaq 4 2 2S2

w0r5 IP7 sifl o :2 1 a22,54 1
s7 :t a4 1! 5

£3 3M t14l01.
%41r12 60 'oh :

* 7 4 3 . 1 il-o1j4 1 76 1 52 11 ,

1230 7' I4

2k 3CAe. IM?
"hYelH nP41S oo*

Miui. C 71 It 7 %S

35\PA 3ý1AHAMA 3C " 0 , S 12,54 9 4217

234 s9;
.14 A :1419AoMcA C P19' 10 1 2 504 9 <20?

25x ~: 3 WCW t. '

4: P L -uc80 100 10 12 So t ,ý:29

27 1 s.a. 8 %A- ' A IP, 6n- 3434

so 4 P.AR #3uj* 110 3 A0Sf 1 'ý22,2

28 1 *"t'. UT-

TI!9rdrness after annealing
or high tempering.

1)Sel )heat treatment; 3) kg/mm2 ; 4) k-rn/cm2; )5;)20
9) 30; 0) 00 i) 50;l2~500; 13) 600; 14) 650;

5 00; 16 1002; 17) T502; 181 40G2; 19) 4502; 20) 5002; 21) OKh;
2 5Kh; 23) 35KhRtA; 24 3KhA25) 4oKh; 26) 4OKhR; 27) 45Kh; 28) 50OKh;
9 ormalization; 3 0) quenchirg from 860* in oil, tempering at 5000;

quenching from 8600 in oil, tempering at 5660; 32).quenching fromn
60In oil, tempering at 55Q0 ; J3) quenching from 850 in oil, temper-
~.ngat 5000; 34)quenching from ~60 in oil, tempering a 40

quenching from 52400 In oil, tempering at 5200 6 unhn fro 30
noil, tempering at 5200.

the range 1200-8000. The most favorable structure for machinability

(ferrite + laminar perlite) is obtained by high annealing at a tempera-

.ýure 30-50" above the critical point Ac3 such steel Is readily cut.

She weldability of low-alloy heat-treatable structural steels is gov-

m.red principally by their carbon content. At 0.30% C or more it is

recommended that the components be annealed or tempered after welding

to prevent welding cracks. Steel with a C content of 0.40% or more is
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TABLE 3

Ultimate Strength of Certain Typeo of Low-Alloy
Heat-Tre3table Structural Steel at Elevated
Tempe rat ures

4f.t al
C . .,,h + • . An,.+ , . ,, = ° I:0 I .' @ I ~ '" " 3 5 0 I s , S O 6 °6 0
1 2 • . , -p

To we
5 o o..,.,- -- -i - .- - - S- S

b nr ~ To • 1 1  - - s. -

&9r7 7m T, to -*e ;

9 2ftA .'i.,.•. m • oIr.• t,'npem 3S 1 O *a u -- 7 Ii n $1 --
' T-. a, Nro)e"m Ip f 05n 79 66 -- 4 -. S $I.s *I I

In we. oym ye-'W 720 36 -- 01 .'* 32 :I 21 2t

1) Steel; 2) heat treatment; 3) temperature (°C); 4) /mm(k Am 2 ); 5)
20G; 6) 40G; 7) 5OG; 8) 30Kh; 9) 38KhA and 40oK; lu) n~rmaklization;
11) the same; 12) quenching in oil, tempering at 500 ; 13) quenching
in oil, tempering at 5500; 14) the same, tempering at 6800; 15) the
same, tempering at 720.

TABLE 4

Critical Points ec Low-Alloy Heat-Treatable Struc-
tural Steels

Cva

:or 3o o ýs o r2 Sa'x 1 -~ 411 $4

Ae, (C) ..... .... 25 725 I725 72 1 72 1 715 730 736 17 1o 232

A t(OC) .- 812 j70 77. 76. . 81 7 5 II 73 765

13 Critical points; 2) steel; 3) 200; 4) 300; 5) 400; 6) 500; 7) 600;
8 4502; 9) 30Kh; 10) 4•oKh and 38KhA; 11) 45Kh; 12) 50Kh

M o

Fig. 3. Influence of diameter of quenched articles on mechanical char-
acteristics of heat-treated 40G steel (0.43% C, 0.70% Mn). Quenching
from 840* in water, tempering at 5500. (Dashed curves - characteristics
near edge of blank, solid curves - characterlstics at center of blank).
1) kg/mm;n; 2) blank diameter, mm; 3) kg-m/cm
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iov

jo -

2

3 0 T0 0 ; A ,

Fig. 4. Influence of tempering temperature on the mechanical character-
istics of 500 steel (0.46% C, 0.80% Mn): a) Quenching from 850° in oil;
b) quenching from 8090 in water. 1) kg/mm2; 2) kg-rn/cm2; 3) tempering
temperature, C; 4) longitudinal test; 5) transverse test.

water (lank dameter 60 ia) h ase uvsielsn caatr

us5 SO

"o&L 400 64

.7. Soo -- Is

A&S P i t i

400 450 SO 5003O
2 228

Fig. 5. Influence of tempering temperature on the mechanical character-
istics o5 60G steel (0.60% c, 0.77% Mn). Quenching from 9500 in oil.
1) kg/mm ;2) tempering temperature, OC; 3) Izod test; 4) Izod impact
strength, kg-in.

Fig. 6. Influence of tempering temperature on the mechanical character-.
istics of steel containing 0.28% C and 1.43% Mn. Quenching from 8500 In
water (blank diameter - 60 mm). The dashed curves represent character-
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Istics at the center of the blank and the solid curves characterIc iCs

near its edge. 1) kgAnm ; 2) tempering temperature, *C; 3) kg-m/cm

TABLE 5
Heat Treatment, Mechanical Ch.aracteristics, and
Applications of 40Kh and 38KhA Steels

Ifyc" UIpw W. &
5 n *w. aWiiyit ii. k "10 "no" 'PAO i

P -V " " 14.l R4 14 01 "W. SU*• ami* t
U %a; .- ~' * tU.C.W M. * -I4 a., ALAS JA , u. m

syWA*.#bit'" I Y.MWU. 
WFNE

7 |+ flnw;. +--r." Iw 1+ .w..i'i i • ' .wll4t ,N sw. .U l lt'iS~* pMWU f'1+ d POWIPY•

WI' ( - ~ IWje1 na rij.,.?-r''pat'. 111pwp 0 i9ý. ParliEiPS

Nw, &..,c 4 'Ir.1.1

WUIK•'I 'M II¢ i RtNI. 4 • llltNHIu C-5 6To*'t 2naau, M&,ai...ul e oes
U , *,"V wi j" N

1) Heat treatment; 2) characteristics; 3) applications; 4) quenching
from 830-850* in oil, tempering at 5000; 5) the same, tempering at -i';4-

5800; 6) quenchinr from 830-8500 in oil, tempering at 180-200O; 7) sur-
face quenching with high-frequency electric heating, temperPng at 180-
2000 (the canponent is sometimes quenched and high tempered before sur-
face quenching); 8) liquid ementation (cyaniding), quenching in oil,

tempering at 200 ; 9) kg/mm ; 10) kg-m/cm,; 11) or more; 12) components
to operate under moderate pressures, gears, spindles, shafts for roll-
ing-contact bearings, worm shafts, splined shafts, axles, etc.; 13)
components to operate at high pressures, gears, spindles, racks, water.-
pump rotors (these components should not have sharp notches or other
stress concentrators); 14) components to operate at high pressures.

I40 to 23 500

In so24 S00

0 o L0 -- 400.
8b4(00 50 6J5

412, 300

1Z - - - - -8 t o o ~

Fig. 7. Influence of tempering temperature on the mechanical charac-
teristics of 4502 steel (0.45% C, 1.46% Mn). Quenching froq 8100 in oil
(blank diameter - 25 mm; Charpy 2 impact specimens. 1) kg/mm ; 2) temper-
ing temperature, OC; 3) kg-m/cm

difficult to weld, while a C content of 0.50% or more makes steel un-

suitable for welded components. The best combination of mechanical

characteristics is obtained in steels of this type by quenching and

subsequent tempering. Water is used as the quenching medium at C con-
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Ito

4

F,7 -40 0 .. V

Fig. 8. Influence of low temperatures on the Impact strepgth of O4Khand 38KhA steels. Quenching from 860* In oil. I) kg-m/cm`ý; 2) tempera-
ture, OC; 3) tempering; 4) normalization.

Fig. 9. Influence of tempering temperature on the mechanical charac-
teristics of 50Kh steel (0.47% C, 1.25% Cr). Quenching frcom 8200 in
oil (blank diameter - 50 mm). 1) kg-n/cm?; 2) tempering temperature,
"6C.

tents of up to 0.30%, while oil is used at higher C contents. Large

components are an exception, being quenched in water to ensure the ne-

cessary hardenability. C.oling in an aqueous emulslon is employed in

surface quenching with high-frequency electric heating. When quenching

in water is used tempering must be carried out as soon as possible, in

order to avoid development of quenching cracks. Components of low-alloy

heat-treatable steel are usually subjected to high tempering. Compon-

ents intended to under cementation or cyaniding are an exception, being

tempered at 160-180*. Tempering after surface quenching is conducted at

-2000.

The most widely used steels of this type are 4OKh and 38KhA; Table

5 shows the app. ications of these steels and the heat-treatment regimes

"employed.

S 1' 22814
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References: Spravochnik po mashinoatrolt,1'nym materialam [Hand-

book of Machlne-DIlldlng Materials], Vol. Moscos, 1959; Avtoiobll'nyye

stall (Automobile Structural Sheels], Handbook, Moscow, 1951; Davy-

dova, L.N., Pshechenkova, G.V., Konstruktslonnyye stall [Structural

Steels], Vol. 1, M1oscow, 1947

Ya.M. Potak
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"LOW-ALLOY S•TRUCTURAL WSTEEL- hlgh-strnrigth, .;tf41I wltli "i thtj) ;.l-

loyi n-elei'cnt content ,rn mu, -4ur. than t%. Fi:ur i I a,, I .,Ow thf,

innluence of indIvIdual alltoylrir, elemnerits on the .-r:jiit.rl.tl ,A"

these steels.

Che•ilcal Cor.posotlon of Low-Alloy Structural Zttcc. Av:,,,rrJol;, to 0'-ZT
5058-57

".9-

" . .. . .. .. . . .'

'si 16 - -

1) ISteel; 2) content of element.s (1);3)5norore than ) GS; 5)
1802S; 6) 25028 (25GS); 7) ?OG2SD (MK); 8) l4KhGS; .9) lGKhZi;D (M.L-.4)
10)i IKhSND (SKhL-l); 11) 12KhG (ENL-2); 12) 15KhG;I; 13) 19G; 14) 0902;
15 l G2; 16) 350S.

Low-alloy structural steels are used in rivEted and welded struc-

tures. Their advantages over St. 3 low-carbon steel (for which they are

used as a substitute) include a higher ab and 00.2 com.bined with satis-

factory plasticity, a lesser tendency toward aging, and less cold short-

ness; In addition, the modulus of elasticity of low-alloy structural

steels is no nigher than tnat of low-carbon steel. .

Low-alloy steel is more sensitive to stress concentrators (holes,

welds, etc.), so tht the fatlsue strength of a nu.mber of typical welded

2286
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Fig. 1. Influence of ailoying elements on the ultimate strength of low-
carbon steel. 1) kg/mm ; 2) alloying elements, %.

TABLE 2

Mechanical Characteristics of Low-
Alloy Structural Steels According
to GOST 5058-57 (no less than)

lmuT. .. . ..) ,lT~~l

Craarb n no- (ai u)I C

tli'. .6 . . 4--t SO 35 fri . et m
11-20 34 II7 0 .1. 50-o o 0 II 1i1r. 1*34

is2C (2r5 1 0 6-4 o 6o 40 14 S' ef 4l.
9 mr ' (mm)lll. 4-32 so ,1 II 1" V -2.

i4x : 4-10 S0o Is ii ISO'. C2,

iCxr+wx 11-20 to 34 II

(CXVI-4) . . . . 4--312 1440 f6 Ifor. O.

2 •3-40 oI 3a I1
4--2 12 35 II for. -.24

2x I - :- 46 a2 11 --
IsX' .14.. 4--1 12 34 ii -

11-21 4,9 3 IS
icr 15 ..... 4-10 4, as It ,*'_. 6.0:
ocr: . i.6. . . 4-Ic 40 II go Sae'. t,,t,

I1--24 41 *$l 1 8

I4i.2 .17.. . 21--30 44 Ii II licf . te.Z
4--1 41 3 4 is

T . . 11--20 47 133 is 5 .e # d
-401 0 1401 14

See- straightening thickness,
a - rolled-sheet thickness, d -

rod diameter.

1) Steel; 2) rolled-sheet thickness; 3) kg/um2 4i) no less than' 5)
cold bending; 6) 15GS; 7) 18G2S; 8) 25G2S (,250S); 9) 1002SD (MXC5; 10)
l4KhGS; 11) lOKhSND (SKhL-4); 12) 15IhSND (SKhL-l); 13) 12KhQ (ENL-2);
14) 15KhGN; 15) 19a; 16) 09G2; 17) 1iG2;18) 35GS.

Joints is no higher than that of identical welds in St. 3 low-carbon

steel. For more effective utilization of low-alloy structural steels in

welded structures it is necessary to make smooth structural seams, to

machine welds in dangerous areas, to harden the Joints by cold working,
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TABLE 3
Chemical Composition of Low-Alloy Structural Steels,
as Set by Special Technical Specifications

cra ftwnam oarw~w, o%(

-* I I w OJt"'

I&M2 ':11 :: I** 14j t.t~0*i A.oo .400

terrbi? o. 4 . .... . -. .. 4.3 .9 0.0.5.39 030 0.04 0.

1) Steel- 2) content of elements (M); 3) no more than; 4)
09-2T (1,); 5) 16GT (N).

TABLE 4
Mechanical Characteristics of Low-
Alloy Structural Steels, as Set by

.Special Technical Specifications
(no less than)

1 " T6 xC? I xi
0112T3.I)I 4--0 54 ,I3S

! 2:-21 4 3.0 3•2.0
*26--St 17?.0 .11 | 0 I tO 6 2 .1. &2-430 4.0 At0,0 I

62-t6Ul 46.0 27.0

I12-O 0. 32. I
II-- 43.0 130.: t 1: 3.0 2.5
32:-0 29.0 I

* 6 -16.)l 4.0. 23.01 1
6esaenouwe powat

o0r21(M) I io 1. 0 I o.l . - --
W0T(3l1j so to $01 1 33::J 13.1J

1) Steel; 2) thickness (mm); 3)

kg/mm2 ; 4) an (kg-m/cm2 ) at tem-
perature of; 5) sheet steel; 6)
roller shapes; 7) 09G2T (M); 8
160T (3N).

etc. Many types of low-alloy structural steel have an increased resis-

tance to atmospheric corrosion. Nickel, copper, chromium, and phosphor-

ous are elements that enhance corrosion resistance; simultaneous addi-

tinvaot oop'per, phosphrous, and nickel tO'theIs76e• hasz an' especia'lly

ifao~ab~eeffect.' .t-*j

., ,hemihiiimum value of- dn at-•O• 'or' after cold working 'and ag1i-•'yt

-20!, is no"less, thanr 3 kg-sm/cm2 . for' ioflled sheets up to 20 rm 'thic•k The
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tn of IOKhSND (SKhL-4) steel irnould be no less than 4 kg-m/cm2 for

rolled sheets 10-15 im thick and no less than 5 kg-m/cm2 for sheets

16-32 mm thick. Figures 4 and 5 show the impact strength of Certain

types of as-delivered cold-worked and aged low-alloy structural steel

at different temperatures in comparison with that of rimmed and killed

St. 3 low-carbon steel.

1

Fig. 2. Influence of alloying elements on the transition temperature
of embrittled low-carbon steel. 1) Transition temperature in embrittled
state, *C; 2) alloying elements,%.

bt

Fig. 3. Loss in weight of specimens of low-alloy structural steel under
the atmospheric conditions of an industrial city (Moscow): 1) St. 3; 2)
15GS; 3) 1OG2SD (MK); 4) 15KhSND. a) Loss in weight, g/m2; b) test time,
months.

I.
Fig. 4. Variaticn in the impact strength of low-alloy structural steels
as a function of temperature: I) 15KhSND; 2) lOG2SD (MK); 3) killed St.
3; 4) rimmed St. 3. a) kg-m/cm•; b) temperature, OC.

2289
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Fig. 5. Variation in the Impact strength of low-alloy structural steel
cold woiked by 10% under tension and aged at 250* for 1 hr as a func-
tion of temperature: 1) j5KhSND; 2) 1002SD (MK); 3) killed St. 3; 4)
rimmed St. 3. a) kg-m/cm ; b) temperature, *C.

Rolled sheet steel more than 25 mm thick intended for welded struc-

tures is supplied only in the heat-treated state. Rolled sheets of loKh-

SND (SKhL-4) steel more than 15 mm thick are supplied heat-treated.

Steel for welded structures is supplementally deoxidized with aluminum

and titanium.

Types 0902, 1402, and 150S steel are used in the construction in-

"dustry. Types 0902 and lOG2SD are employed in railroad-car building,
-- -types 1002SD and 1OKhSND in shipbuilding, types l5KhSND and lOG2SD in

bridge building and for extremely critical structures, types 18G2S,

2502S,. and 35GS for concrete-reinforcement rods, types 190 and 14KhGS

for gas and petroleum pipelines, and type l21h0 for sheet piles.

A number of types of low-alloy structural steel are produced in

accordancewith special technical specifications: specifically, 09G2T

(M) and l6a (3N) steels are used for especially critical welded struc-

[ tures. Tables 3 and 4 show the 'chemical composition and mechanical

characteristics of these types of steel.

References: Delle, V.A., Legirovannaya konstruktsionnaya stal'

[Alloy Structural Steel], Moscow, 1953; Issledovaniya stroitel'noy

."stali [Investigation of Structural Steel], collection of articles, edi-

ted by N.P. Shchapov, Moscow, 1960; Leykin, I.M. Chernashkin, V.0.,

.•Nizkolegirbvannyye stroitel'nyye stall [Low-Alloy Structural Steels],
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Moscow. 1952; Kanfor, S.S., Korpusnaya stal' [Framing Steel), Leningrad,F

1960; Qudremon, E., Spetsial'nyye stall [Special Steels], translated

fron German, Vol. 1, Moscow, 1959.

E.Sh. Volkhovyanskaya
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LOW-CARBON IEAT-TREATABLE STEEL- steel containing 0.1-0.4% carbon;

it is subjected to quenching and tempering or to self-tempering. Steels

of this type are characterized by high strength combined with high

plasticity and impact strength and a low threshold of cold-shortness.

L4.44 so-.44-TS A~+I +~

1ff4
SI~

Fi'. 1. Variation in the characteristics of type 20 steel bars (d = 20
mm) as a function of tempering temperature after quenching in water from
900* (specimens cut along blank axis). i) Coercive force Hc, oersteds;
2) kg/mm2 3) true fracture stress Sk; 4) tempering temperature, °C; 5)

2kkg-m/cm

The following types of steel are subjected to heat treatment:

MSt.3-kSt.5 open-hearth steel, BSt.3-BSt.6 Bessemer steel (GOST 380-60),

KSt.3-KSt.5 converter steel (GOST 9543-60), 15-35 and 15G-35G high-

quality structural steel (GOST 1050-60), and low-alloy structural steel

(GOST 5058-57). Killed and semikilled steels are recommended for ther-

mal hardening. As experience has shown, it is possible to replace a num-

ber of types of low-alloy steel with heat-treated carbon steels. Figures

1-2 show the variation in the characteristics of steel bars 20 and 55 mm

I
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10
L p lPD j

s _lT -

li
r -T

is: -; - •

Fig. 2. Variation in the characteristics of type 20 steel bars (d 55
mm) as a function of tempering temperature after quenching in water
from 9000 (specimens cut: a) at a distance equal to half blank radius
from bla k axis; b) along blank axis). 1 CoercivC force H t oersteda;
2) kg/mm ;3) true fracture stress S ; f )g-m/cm ; 5) temering tem-
pezature, 0C.

in diameter containing 0.19% C, 0.56% Mn, 0.27% Si, 0.017% P, and 0.017%

S (type 20 steel according to GOST 1050-60) after quenching from 900°

in water and tempering for I hr. The characteristics of killed St.3

steel (0.18% C, 0.55% Mn; 0.16% Si, 0.014% P', and 0.042% S) sheets

400 x 135 x 11 mm in size after quenching from 900° in water and temper-

ing for 1 hr are shown in Fig. 3. Figure 4 illustrates the characteris-

tics of lco-alloy 19G steel (0.14% C, 1.12% Mn, 0.22% Si, 0.020% P, and

0.040% S) sheets 400 x 300 X 12 mm in size after quenching from 8700,

tempering for I hr, and subsequent cooling in air. In all these figures

"the horizontal dash line represents the characteristics of the steel in

the hot-rolled state. Research indicates that the characteristics of

2293
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stepl hardened by prerolling heating are similar- to those, of stcel

hardened by separate heating. Thermal hardening reduces the cold short-

ness of the steel. The weldability of thermally hardened carbon steel

is essential!~y the same as that of hot-rolled carbon steel.

Low-carbon, heat- trea table steels are presently used In the rianu-

f acture of concrete-reinf'orcement rods, thick sheets, broad strips for

bridge building, and petroleum pipelines. Expeirlmental batches of rolled

shapes have been produced, some experience ha s been amassed in the manu-

facture of high-pressure vessels, etc.

sos

Fig. 3. Variation in ~~~~~~th chrceitcso1ye0. (ild te
quenched in sheets 12 mm ~~~thc asafnto ft50~igtmeaue
a) log rlld rodc~ b acos rlle podct.l)oeciv toc
H ~ ~ ~ 1 44e4e442_gm 3 refacuesrssS;l)kgr/m;5
temerngtepertue,00
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Mechanical Characteristics
of Heat-Treated Armature
Steel*

ir -I-

A•t-v It'. 30 7 *3*'(, ,,3a)

AI-VI 12t 'I20 6 45. t • iAt'--% I Ill 120 * 4$' (L - Si

*Rod d 10-40 mm.
1) Clasq of thermally hardcned ar:.ature steel; 2) minimum; 3) kg/rim2 ;
4 no less than; 5) bend testing in cold state (C- straightening dia-
meter).

T I

1?0

ISO

70

Fig. ;4. Variation in the characteristics of' 19(0 steel after quenching
and tempering: a) Along rolled product; b) across rolled product (for
steci containing 0. 14% C).. 1) Coercive force H , oersteds; 2) true frac-.
ture stress S),; 3) kg/mine; 4) tempering temperature, *c.

Such rods should be supplied with guaranteed aO. 2 , %' &rnd 55 arnd

should be able to withstand cold bending.

2. o
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ror tridge bu~ld_4r1g is surplled InL a~ccrdi'd3.e ~: ..

trecatment Is carried cut to ensure the mechm3,". cc3-z re-

quired by the COST.

* Ref'erences: Starodubov, Ye.F., Borkovskiy, Yu.Z., in collection:

* Sovrem'erinyye problemy rnetalurgii [Contemporary Problems of' Metallurgy],

* Mvoscow., 1958; Idem, Metallovedeniye i termicheskaya obrabotka metallov

[Metalworking and Heat Treatment of' Metals], 1961, No. 5; Idem, in col-

lection: Metallovedeniye i terrnicheskaya obrabotka stali i chuguna

( Metalworking and Heat Treatment of' Steel and Pig Iron], Kiev,,1960-62

(Tr. in-ta'chernoy metallurgii [Transactions of' the Institute of' Fer-

rous Metallurgy], Vol. 13-1.4, 18); Krasillshchikov, Z.N. et al., Ter-

micheskoye uprochneniye nezakalivayushcheysya uglerodistoy stali [Ther-

mal Hardening of' Unquenched Carbon Steel], Leningrad, 1960; Pridantsev,

M.V. et al., Stall [Steel], 1958, No. 5; Pridantsev, M.V., Lev-in~zon,'

Kh.Sh., Ibid, 1956, No. 11; Starodubov, K.F. et al., Izv. Vysshikh ucheb.

zavedeniy. Chernaya metallurglya [flullet-in of' Higher Educational Insti--

tutions. Ferrous Metallurgy], 1961, No. 1, 2; Aborn, R.H., Trans. Amer.

Soc. Metals, 1956, Vol. 48, pages 51-85.

K.F. Starodubov
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LOW-CARBON THIN-SHEET ELECTRICAL STEEL- see Electrical iron.
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LOW-MELTING ALT•J'3 are alloys with melting ;oint below about 200%.

The low-melting alloys consist of bismuth, tin, caftium, lead, indium

and other metals (see Table). They are used in those cases when easy

Chemical Composition and Melting Point of Low-Melting
Alloys

2 xttott4t'vtttt* C-rth (i,

Ilum Sit P1. Cd 3

: .s liyaaS.n~~~'etupta i~R• .bh .......... .... " t.125 '. . -.

. .e ... .l. ....... . ...........--.... 5
• •{rM~~J(1onal.Htt cwa 6LIII 9..........." ' '• iI 23 -- ! |(

To we 7'.. .. ... .... .... 9 7. 3

..tIttn m...~ ta.p.i............... o•! :•., - tmacolurolasH1U Cn.. D ........... 40 41 2 - 100

iTn lota f tmuetiti .... .. ... .. 514 4o . Ion
C ,, . tioro .N• . . 13 . 6. . - 13,)

• " Aloy;2) hemcalcomposition (%); 3) melting point) Wood's alloy; 5) quaternary eutectic; 6) low-
melting alloy; 7) same; 8) ternary eutectic; 9) low-
mel.ting alloy; 0i) Rose alloy; 11) matrix alloy; 12)
bismuth solder; 13) alloy for precision casting; 14)

al oy with low melting point.

fusibility is required. The metals which have low melting points alloy

with the formation of eutectic binary, ternary and quaternary mixtures,

thanks to which the melting points of such alloys reach very low values.

The lowest melting point (470) is that of the alloy with the composi-

tion 44.7% Bi; 22.6% Pb; 19.1% In; 8.3% Sn; 5.3% Cd. The following al-

loy compos tion containing mercury is used for taking anatomical casts:

53.5% Bi; l9% Sn; 17%-Pb; 10.5% Hg. Its melting point is 600. Bismuth

is the bas c component of the majority of the low-melting alloys. Low

shrinkage •f the alloys, and at times its complete absence, is provided

2298



by the -res'cnce of the bisz.uth, arA in scrie cas'e an ..... n..

tals have the property of expanding ctrongly during scflificatlcn. T'he

lowi-melting alloys which do not shrink are used in precision casting

for the preparation of models, and other low-melting alloys are used in

electrical engineering (fusible breakers, sprinkler heads, etc.), in

the bending of thin-all tubes and, for fusible bars used in the fabri-

cation of hollow bodies by the method of electrodeposition

Reference: Spravochnik metallista [Metal Worker's 1Handbook], Vol.

3, books 1-2, p1C., 1959.

O.Ye. Kestner
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LOW-MELTING SOLDERS - lead and zinc alloys, as well as tin, cad-

mium, and their alloys. Four- and five-component alloys of indium, bis-

muth, tin, cadmium, lead, and gallium are the lowest-melting (see Espe!-

cially low-melting solders).

The most commonly used low-melting solders are those corAsisting

of tin and lead, which are usually hardened with antimony (Tables 1

and 2). These solders are employed for copper and copper alloys, steel,

and iron, but use of antimony-containing solders for zinc and galvani-

zed iron is not recommended, bacause of the increased brittleness of the

joints. Tin-lead ,olders have high technological characteristics and

are employed with various fluxes (TableH3)Y Joints sol dered-.with tin-

lead solders can function at temperatures of from near absolute zero to

+1000. They are weakened at higher temperatures. Soldered joints sub-

ject to impact loads for considerable deformation during operation can

function only at temperatures above the cold-shortness temperature of

the solder. For example, the cold-shortness temperature of POS40 solder

is approximately -300. Lead (•2500) and cadmium (up to 250-300@) sol-

ders alloyed with silver are used for soldering copper components to

operate at temperatuies above 120@. Lead solders have a low wetting

power and spread poorly over the material to be soldered. Addition of

tin improves these characteristics (PSr2.5 solder). Cadmium solders

tend to oxidize when molten. Magnesium, zinc and nickel are added to

reduce their oxidizability. Cadmium solders intensively dissolve cop-

per and form chemical compounds with it; layers of these compounds in

a joint reduces the mechanical characteristics of the soldered article.
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by tVe el••I:r i --re.-I.-t ane ete.cd is recc-.rended when soldering with

cadmium vc."Jers; copper c-in be soldered in baths with PSr8KTsN cadmium

solder. When'Solder4ng wit'I lead and cadmium solders and employing suf-

ficiently rapid heating (Ž200/min) it is possIble tc use LK2, LTII20,

or 'VTS flux. Tin-zinc and zinc solders are used principally for solder-

ing aluminum (see Solder for soldering aluminum alloys)

TABLE 1

Chemical Composition and Physicomechanical Character-
istics of Low-Melting Solders

1_ _lX,-.r, Cel(/.) 2 X N A• O P
*1. 9r ir I I 1 ,.

Iop0--S) Pb Cd an A, Zn NI = " -g 20* 20" 24,*

-f-P2 63±.5 5±0 .5 30t.01210 ,3 - - 235 9.0 - , - .2 --

*""c "" .5 92± , 5, 5 . ± - - ,,0f 30 $ t

9flrP3 B7± t 4 - t0.3 30 11, 330.205 ,'
ionrE'p31Cj - O.Mialh. 320.5 0O.5 325 - - .1, t2 A )

Noce
,,nc,.S R3. 5±t - ,5t± ,.St - - - ,0.,! -- -4-

11.5 10.8

12nCpstaimI - OrTan. - 5 2 2 115- 0.83 18.1 25 1 6 4 ~. ' .4

310a0 1 1i 21.:i

1) Solder (GCST 8190-56)- 2) chemical composition (%); 3) fusion-termin-
ation temperature (NC); 4) density (g/cm3 ); 5) electrical conductivity,
% of tnUL of copper;6) Cb(kg/fm•m); 7) PSr2; 8) PSr2.5; 9) PSr3; 10)
PSr3Kd; 11) PSrl.5; 12) PSr5KTsN (nonstandard); 13) PSr8KTsN (nonstand-
ard); 14) remainder.
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. .TABLE 2. ... . .-

Chemical C,•,mpo.ýItlcn. hcc e ia Characteriz-t.

tic3, and App'lication of Tin-Lead Solders

1 17
110411-. 1- TIN 41210 . ,1 "9_6 1 ". Y .... .'" ' "1w it•:' "

, . 11 3 6 r3,,,Mrn.

: s IOCAO 1i .1tll' 1 f I,, .l Ili .

I '4441H.�'I�I f II W '4•4 o X,28 iiecII'% [ u•--.% * I I ,.'.- 24N;; ,' ~ I I.4 A 3.4 ; J . •..4 ..• I ttI'?;ll. 4i~€1 .4.?II'" l\hllT'?4.'11 4i' 24 ll•lll¢l

1 1amI"444 itI..1I4.?-.

15 0 4o 1-0) 1 14 A. X.24, 6].) Slder 2II c composition ( (G4S M1499-34); Ii Til-t ngtem2-

Io11 llilllllA iIIII 2lr 5

perature(o: 4) initiation; 5) termination; 6) density (gcmn); 7)
electrical coniductivity, % of that of copper; m),~k/r~' )o x
tension; 10) on shear; 11) application; 12) P056; 13) POS50; 14)
P0590; 15) POS40; 16) POS3O; 17) PoSs4-6; 18) POS18; 19) tin; 20)1 Sol-
dering precision instruments, radio assembly, for especially tight
joints; 21) for especially compact vacuum-tight joints, soldering air-
craft radiators.; 22) soldering food containers and medical instruments,
in articles where the soldered joints a-.e to be galvanized; 23) solder-
ing radiators, electrical equipment and refrigerator compressors; 24)
bVidering noncritical chemical. and electronic equipment; 25) auxiliary
applications; 26) the same.
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TABLE "

Certain Fluxes U,ýed in Soldering with Low-Melting
Solders

Tewn pe
I 2 COra.T 4

ae(n')'

XJIUI.1O 
goof 

3

Karut'.il 3 0xnit(e~~KT 1 A 115-300 Ne` 3+ ar"V w3t 21lhN~faCre npw a ?¶. IO 3 am ,l 1 U l 44M

*ItO !• I B~.ill 3 1I ' ) 150-300 namp ts N xTphiaCn . .• :::: 23 MMl{ IIP EMA'd MN i I19 •|EIlfUft.~y

IJIT I2O I Cr~w 4 nIIM.oftfa 70 16

{aHNxo. 3b 30 It 190--300 H1111 f!. y ra nY i • KR , WIe

?CTV3PNHIO-nII - Co•T. AIH 30H e CI acI Mean a IIUMI4E1 041llHtt 11-

TImpam~m WN tIpmmomalq nisiamm "1 11N

IT fTIII 20 C lrn ler i montaN 70% 16
I Ha•wNob 24% 11AI NP:1 N re r..•.,,N, yr•..p¢-p
| •lla Imam"" ron"VlONMenl 0 4% A3N--i04 CNTO aN 0' S 111011411
TIM2T J waMm'A il~t1M 2I-% 2i41 " 7

9Jo1M1 * P OiTo@¢.opIn K-Ta (ya. vcC I,--
1.7) loo rm' H7ANOA zPOWnKMfte-talil 11I-Ma*1

JrMnN;IeHr.I4M h UJ •pIIN 1C.B1.'. 240-35(j utlll CI*.1MI OI'.RfIKI"MNRWs•' j.,•i
.4t 4.0 C.. C'" .w :s~t~un.11 (0.

HJIHass$I'b 3Uo 30 b"
23Is

1038H• • U•+'illlttr.llnmom h (ritItIe(plll man'I fit

IeIi.tuIrinIMII un(,11m Ko HwavinI 2 5%, 200--480 I'1•gl11A I C~I 014111 orplaw-lo.l{

()l t. m 'io l a -IK IP1 "2 5 %~ Ul ml tI r C u a ri 26

19
2 MlacTa H ICO 1B1r..,1HhI (Os' uo.IIH' :llup) NO.,1x.11;'I1 ItIIHi4a I A.*1o 350 " aPPIA WAlM . CSNN~afE u IMIN nPUrOM1.HII.;K tal, (lratJI.l+pI'Ip(HKI.43 5%,

27

120 H50 *eX.,101111 J ttwrJplm 51,201. 20
X.aInpI Kamtlin4 i 3207,-0 JIelNeA UCJU 9 h•l ieK8 C I12IJUNC6WINI
X.qt10-ll A 0I NAlX ' e 320--00 rJ )nlrPfl l XI 'Li n. PCeKMClPHeM

XauplOpa Lt Iid 1A% llNU pH.oI " 28"

*Residues of this flux are removed with cotton wet-
ted in alcohol.
**Residues of this flux are thoroughly removed by
rinsing in cold and hot running water.

1) Flux; 2) composition; 3) active temperature. (C);.4) application;
51 rosin-alcohol; 6) LK2; 7) stearin-paraffin; 8) LTI120; 9) 1141; 10)38N; ll) NICO plste4 12) FK50; 13) rosin - 30g, ethyl alcohol (redis-
tilled) - 70 cm ; 14) ammonium chloride- 1g, zinc chloride - 3 g,
rosin - 30 gz ethyl alcohol (redistilled) -6 c9m3 ; 15) stearin - 30 g,
paraffin - 68 g, triethanolemine - 2 g; 16) et'.-,' Oc:.bol - 70%, rosin
- 24%, -Qj'.amine zulfate - .5, triethanolamine - 2%; 17) orthophos-
phoric acid (specific gravity - 1.6-1.7) - 100 cm3 , ethylene glycol or
methyl alcohol - 400 t.i3, rosin - 30 g; 18) ethylene glycol (glycerin
or a 1:1 mixture of the two) - 50%, diethylamine sulfate - 25%, ortho-
phosphoric acid - 25%; 19) vasoline (medical) - 80%, zinc chloride -
15%, glycerin (distilled) - 5%; 20) sodium chloride - 51.2%, cadmium
chloride - 27.3%, ammonium chloride - 2.5%, zinc chloride- 19%; 21)
soldering copper, less effective for brass and brodnze; 22) soldering
copper, brass, and galvanized iron; 23) soldering copper and brass with
tin-lead and tin-cadmium solders, using soldering guns, flowing solder,
or baths; 24) soldering copper and its alloys,, carbon steel, and zinc;
25) soldering chromium-nickel stainless steels with tin-lead solders
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tcontatir~.,n!7rf 2 -&-.r :i;) coldering, nichrcme, alumtrnum and beryl,-'
lium t.c~,a. anes nteel; 2'7) soldering copper wit -h lead sol-
ders; 28) solderirFg to rIn baths with cadmium solders and for denxi-
dizing solder baths..

References : ApukhtiLn, G.I., Tekhnologiya payki montazhnykh s~oyedin-

eniy v priborostroyenii (Techniques for Soldering Fitting Joint.- in In-

strument Building], Moscow-Leningrad, 1957; Artsmovich, A.N'., Spetsial'-

nyye tekhnologichfeskiy'e protsessy v priborostroyenii [Special Technolog-

ical Processes in Instrument Building), Leningrad, 1957.

N.F. 'Lashko and S.SV. Lashko
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LOW-MOLECUIAR SILOXANE RUBBER - is the product of the polyconden-

sation of dimetb.,l dichlorosilane; it is capable of solidifying at room

temperature. Low-molecular siloxane rubber is delivered in diverse

grades which differ in their viscosity and molecular weight. The low-

molecular siloxane rubber is used for sealing compounds. The properties

of vulcanized low-molecular siloxane rubbers depend on the dosage of

the curing agent, the chemical nature and dispersity of the used filler,

and also on the methods of its addition. Powdered silica gel is the

most active filler. The curing of the sealing compounds is carried out

by addition of acyloxy derivatives of dialkyls.

Dielectric properties: the tangent of the loss angle at 200 and

500, 103 and 106 cps, is equal to 0.0037; 0.0025, and 0.0075, respect-

ively; it is equal to 0.0052 at 200 and 50 cps after aging at 2000 for

3000 hours, and 0.0317 and 0.0775, respectively, at 50 cps, 150 and 2000.

The specific volume resistivity (ohm'cm) is I'i01* at 200 and 1.1011 at

2000, these values are equal to 9.4"1014; 2.6.1014, and 7.5"1013, at

20, 1500 and 2000, respectively, after aging at 2000 for 3000 hrs. The

breakdown voltage (kv/mm) at 200 is equal to 18-22, and equal to 24 at

20* after aging at 2000 for 2000 hrs.

The shrinkage in thickness of the vulcanized product after heating

at 350* for 4 days amounts to 15%. Zinc oxide and magnesia are used to

reduce this shrinkage to 5-10%. In contrast to other polysiloxane rub-

bers, the sealing compounds from low-molecular sfloxane rubber may be

molded within a time from some minutes to several hours also after the

curing agents are added, obtaining solid vulcanized products which are
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equivalent to such from dimethyl siloxane rubber. The property of the

low-molecular siloxane rubber tc vulcanize at room temperature makes it

unnecessary to use mixing rolls, extruders and vulcanization presses,

and permits one to apply this heat resistant and waterproof material,

resistant to weathering, and with good dielectric properties, in many

branches of the industry. Low-molecular siloxane rubber is widely used

in the electric industry for the insulation of electric devices, and

in aircraft industry for the tightening of diverse Joints in aircraft.

TABLE

Properties of Vulcanized
Low-Molecular Siloxane
Rubber

I YC•IInPC HIIM 1 T•HNN in. . 2 , I to

og 0 ctpe,,in..............20 100

O CT. inTap.til in Is et.*--
Hue 10 CYTOW. fil 2IUO* 22 too
&0 TeI et.i, IOU t,)y1iN

Pim 2.U" ....... .... 23 ISO
7 a 1e%. mlie 11) CYThlr•H. 11.1

2 . .. ........... I I oS8•T04 1ý;U) Cylilk
4,11i 251 . ...... 21 150

a "lenam'Ue1 IOU .1i(.

": in3UU: .5 I10nlI' 3u................ 7 76lO

1) Test conditions; •) ten-
sile strength (kg/c& ); 3)
relative elongation (%);
before aging; 5) after aging
Sfor 10 days at 2000; 6) for
100 days at 2000; 7) for 10
days at 2508; 8) for 100 days
at 2500: 9) with a heat-resist-
ant addition, for 100 days;
10) at.

F.A. Galil-ogly
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LOW-NICKEL STRUCTURAL STEEL SUBSTITUTE is steel used as a substit-

ute for structural steel with highnickel content. It has good harden-

ability and is used for fabricating parts subject to chemical and ther-

mal treatment. Nickel is usually introduced into steel to improve the

hardenability, and it simultaneously improves the plasticity of the

steel. Improvement of the hardenability may also be accomplished by in-

troducing other elements which aid in retaining the stability of the

austenite and thereby increase the hardenability of the steel. Among

the most active elements are shromium, manganese, silicon (Fig. 1);

molybednum and tungsten increase the steel hardening depth sharply.

| ~-r~-i i'-'""The alloying elements which form stable car-

i a i Ibides, VC, TiC and so on, remain outside the solid

I ,* solution during the usual heating of the steel for

2 - tempering, which leads to conversion of the aust-
0 Q2 0' asi,. enite into perlite on cooling and reduces the hard-

Fig.l. Effect of
alloying elements enability of the steel. But with high temperature
on steel harden-
ability. 1) Hard- tempering (12000), which provides for dissolution
ening depth, mm;
2) alloying ele- of the carbides, these alloying elemants have a
ment content, %.

stronger effect on the increase of the hardenabil-

ity than chromium, manganese, silicon, nickel. Addition of boron also

has a favorable influence on steel hardenability; introduction of boron

in the amount of 0.001 - 0.005% is equivalent to the introduction of 1 -

- 1.25% nickel, 0. 15% molybdenum, 0. 3 - 0.35% chromium, 0. 5 - 0.6% man-

ganese or 0.12% vanadium. However, boron increses the sensitivity of

steel to overheating. Before introducing boron into steel in the form



'1 '

of ferroboron, it is necessary to first add l-1.15 kr of ferrotitanium

per ton to tind the nitrogen, otherwise the boron will form nitrides

with the nitrogen dILsolved In the steel and will not haew any effective

Influence on the steel hardent.bility.

PFr ahem±.: c positl, .nd properties or tne most widely used

alloy structural steel with high nickel coetent, nee Hlgh Alloy Heat-

-Tre&Labie Structural Steel.

To economize scarce nickel it is of #reat national eronomi,: impor-

tance to make uce of low-nickel (econcmical) structural .t;tl whi.-h La..

properties, includinng hardenability, ý o oed a.: the hi.;h alloy ::reel

with high nickel content. Basically, the reduction (if the nlckel zontont

j in the low-nickel structural zteel zubstitute io achievu,1 Uy tne uce of

such alloying elements as boron, tungs;ten, molyb,=.nuM, zirt:onlum, vanR-

dium, and Increase o&. tho . end chromiun, content (PT'ble 1).

TABLE I

Chemical Composition of Low-Nickel Structural 0 teel ;bztitute:

,, ,.•,, A I.a,• .,.,, '.;;- -. :• ." .I'' ' . i:

1) Steel; .) TU; •) content of elerment.ý (): '.) not more trhan; ) 1 ?..
RA; 6) ChMTUJ 7)'O-2iNR: I) 2CKhGR; ) I-.hS:RA ( I'. .); I ) }_rh-VA;
11) 3OKhb232VA; 12) 3.:hGNC2; 13) 2CKh_'VF ( l-) i..) z2 VF7. I.)
35KhR; 1o) 4OK-hNR.

For properties of the low-nirkel ztruc!tural 'teel :'ut.st.tutt:. ap-

plicable for case hardening-, ,radez 1-'Ki;GTA, , i-?:-.TA, :>:r-

GNR, 20nNR, 1 2Kh=2G2VFA, lthgN2VvFA, see C-:e -!!-r.2naU!._ etructual

Steel.
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TABLE 2
".c anical Prcpar~i.s of Low-NLcka' Structural Steel Substitutes

?@palm 06M TComap an,.., . 2 GT,,- M&.. I,,.. I, t ,, I *

30X3fA . . . 3axa.wa e 350" 350 66 SI! I 6JmaCJ•, OnTUTC 400 35 77 561 62 1
tp" __ O0" 100 7. 72 20 71 T-

30X2H21 A... 3aso.os a t s60"0 300 102 69 .5 :S 54
a mwne. jPrnC 400 90 62 51 634 348 $a00 14 n :3 8 11 .5lO0 ý4 t o0 24 1 17

20X3MB* ... 34Ka~ma c 1030- 300 83 74 153 6t
I0$0* a MaeWe. 1 00 74 4 IS a3 t1

7 Myc* np 00 67 56 57 6t 3
$60-700" 600 53 37 9, 6 5 5

700 31 24 25 6 --

10X2WH2 A 3smawarn c 940 300 1i 11I
ae.w., nmyck 400 5OS 93 52 -1 --7 tUp,64oe 10 I 92 , t I S1 --

10 600 7a0 2 3 1 -

1) iteel; 2) heat treatment; 3) temperature, °C; 14) k/mm; 5) (kgm/
/cm ); 65 30Kh3VA; 7) oil quench from ; anneal at ; ) 30KhNVA; 9)
20Kh3MVF; 10) 30Kh2N2VFA.

0 to
*40 2.6c

JOJ200 -50 W 4S

Fig. 2. Effect of annealing temperature on mechanical2 properties qf 18K-
hSNRA steel with varying carbon content. 1! cb, kg/mm ; 2) kgM/cm4; 3)
annealing temperature after oil quench, oC

After annealing or normalization with tempering, the Brinnell hard-

S ness of the low-nickel structural steel substitute (dotp )is 4 mm. The

S effect of tempering temperature on the mechanical properties of harden-

en 18KhSNRA steel is shown in Fig. 2. The mechanical properties o h

30Kh3VA, 30Kh2N2VA, 20Kh3MVF steels at high temperatures are shown in
S Table 2. The impact strength of the low-nickel structural steel substi-

S tute varies little with reduction of the temperature to minus 600. The
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'01- 1Q am I~1 film

MU,

.54. la RisO0 1-

IQI A IWA4 to, t o 101, '

Fig. . Endurance of 30Kh32NVA steel at various temperatures (oil quench
from 8600, anneal at 580" for 2 hours, air cool). 1) Stress level, kg-
/mm2; 2) noce pcmn;')nthdseies ) number of cyclestofiue

cycfalestofalue
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ultimate strength of the 30Kh3VA, 30Kh2N2VA, 30Kh2N2VFA steels after

quenching and high tempering is shown in Figs. 3-5. The modulus of el-

asticity of the low-nickel structural steel substitute E 20,000 kg/

/2M the variation of the modulus of elasticity with increase of tem-

perature is the same as for carbon steel (see Wrought Carbon Structural

Steel).

The physical properties of certain widely used grades of low-nickel

structural steel substitute are shown in Table 3.

TABLE 3
Physical Properties of Some Grades of Low-Nickel Structural Steel Sub-
stitutes

Cab 6(.I-k IGO I0 (1I ) (,A/cAU(

4 ISXPA . 7. 4 I f (20-1000) 0.121000)
14.5(20-6o0") 0.0( $00")

5 IIXCHPA . 7.12 12.2 1"0--o0") 0.1 800")
14 (300-400") 0.0 I"400*)

* lOXIRA . . 7.55 12, 120-100l Q.022(4100 )
14. V400-500*) 0.037(300")

7 OX2H2BA 7.5 l1.A120-100") 0.055(100-)
14.9f4OQ-500") 0,0R4(400.)

8 2WXOMB*... 7.75 9.6420-100") 0.01(100")
14 62(500-400-) 0.O (6•00)

* 3AX2H282H A 7. 1j173.05-100"7 0.094(20-)
S16.04(500-400* 0.083(300')

1) Steel- 2) (g/cm3 ); 3) (cal/cm-sec-*C); 4) 15KhRA; 5) l8KhSNRA; 6) 30-
Kh3VA; 75 30Kh2N2VA; 8) 20Kh3MVF; 9) 30Kh2N2VFA.

TABLE 4

Critical Points (°C) of Some Grades of Low-Nickel Structural Steel Sub-
stitutes

.ICY-, A, jAt. IAr, IA,.

76 1" o IN 260
3 X013A .. .... 730 I,780 30o 420
4 3 S01, A . . ." 760 Soo So 430

I7# 720r* --
3A Un a 1 75 4,36

.):Steel; 2) 18KhSNRA; 3) 30Kh3VA; 4) 30Kh2N2VA; 5) 15KhRA; 6) 30Kh2N2-
VFA.
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TABLE 5

Forging Conditions for Low-Nickel Structural Steel Substitutes

- ¶

"Or'b 12 ul."WN o mum r-teP*XNwW
V(C) - 3

* ISXPA . I151--00 13H2A
G 2OX"P . . I150-*51 20X113A. 12XH3A

Va :xrp 11 54-51 OXH31A, 12XHIA
ISXCHPA I IU0--540 i3HSA. 22X2H4A.

12XH3A, 241XI13A
10 30X39A t. 180-85 20XMHIA. 37XH3A,

INtXHIIA. 21H5A
It 3OX2H2PA 1180-850 2OXH3A. 2OX2H4A.

21SI6XHBA.33XH3MA.25X2H4RI1

12 3XP . . . .1150--A50 20X2H4A. 20XH3A
IS 4OXHP ... 1150--SO 37XH3H. 20X2HI4
14 3OX2H2BOA 1180-45o 33XH3MA. IXHNRA.

2SX2H"4BA.
20X2114A . 2OXII'

13 20X3MBO . .t140-9•0 IItXHHA. 2,X"H4IA.
33XH3KA.
20X2H4A.
20XH3A. 21HSA.
11H51k

14 $0x-rH2 1150-650 37XI13A. OX2H&A.
21H15A

1) Steel; 2) forging temperature range (CC); 31 high-nickel structural
steel which is replaced- 4) 15KhRA; 5) 13N2A; 6) 20KhNR; 7) 12KhN3A; 8)
20KhGR; 9) 18KhSNRA; i0) 30Kh3VA; 11) 30Kh2N2VA; 12) 35KhR; 13) 40KhNR;
14) 30Kh2N2VFA; 15) 20Kh2MVF; 16) 30Kh2GN2.

Of no less national economic importance is the use of low-nickel

(economical) stainless steel substitute.

Of the large number of grades of stainless steel, the lost widely.

used in the various branches of industry is the KhIl8N9T .(EY•lT) steel,

produced in the form of rod, sheet, tube and forgings. This wide usage

is explained by the fact that KhIl8N9T is insensitive to int rcrystalline

corrosion, welds well and has satisfactory strength at temperatures to

6oo0.

Usually the Khl8N9T steel contains 8-9.5% Ni (see Austenitic Stain-

less Steel), in the initial condition it may have some amou t of ferrite

in the structure, which affects the high-temperature strength. Moreover,

as a result of long time action of high temperatures (600 -!700) the

IhIl8N9T steel acquires a tendency to marked brittleness because of the

formation of the a phase. To eliminate these deficiencies the nickel

content in the Khl8N9T steel is increased to 11-13% and the carbon con-
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tent is reduced to 0.08%. This steel (OI~l8Nl2T) has application in

boiler construction, the chemical industry, etc. However, with all its

merits KhIl8N9T does not provide in the strain hardened condition adequ-

ate plasticity of the sheet material to permit bending and stamping op-

erations. Several grades of austenitic stainless steel have been deve-

loped in which part of the nickel is replaced by manganese and nitrogen;

under certain conditions these grades of steel may serve as reliable

replacements for the Khl8N9T steel. The chemical composition of the

most widely used stainless low-nickel structural steel substitutes are

presented in Table 6.

TABLE 6
Chemical Composition of Stainless Low-Nickel Structural Steel Substitu-
tes

2 3 C$UeeP.W m 3enM4 (%)
jFh OCTI~ i ~ IPI I " 1 SI 1 ni Cr P4 _I TI_I i 1 4 e &'er

S xIrrT 2 rOCT o0.09 o0.O0A <0.7 is-is - be-*.-a - ".023 0.03
(3aH645) 5632--1

* X28T - 40.15 41- I.5 25-2S - 50-3O. - 0.025 0.01(314 45•7)
" " X )8AHM rOCT 40.11 40 41.$ 21-21 1-1.7 - 0.1i- 0.025 0.035(OHS$7 5632--61 90.25

x i in 41T 1ro(71 40.1 40.18 13-- 13--15 %.5;- A*•, 0.4 -- - -

(,3 HT 71 Sý 63.-1-61 IS 3
tO ZlH4A' F'oCT 40.12,4 ' $1(.8 - 16--18 .s- - -- 0-.15- 0.02 (O lln

(318178) $632-61 10.5 4.5 0.25

1) Steel- 2) GOST; 3) content of elements (%4; 4) not more than; 5)OKh-
17T (E16 4 5); 6) Kh28T (E1457); 7) Kh28AN (EIb57); 8) Khl4Gl4N3T (E1711);
9) to: 10) Khl7N4AG9 (E1878).

The low-nickel structural steel substitutes accept all forms of

welding, however during fusion welding of theOlhl7T and Kh28T steels

there is observed a sharp growth of the ferritic grains of the parent

metal. The Khl4Gl4N3T and Khl7N4AG9 steels weld similarly to the Khl8-

N9T steel, filler material from the OKhIl8N9 or KhI8N9T steels is used;

in this case the strength of the weld Joints in the soft condition is

the same as that of the parent-.etal. The strength of weld Joints of

the strain hardened metal when using argon arc welding of the Khl7N4AG9
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steel is practically the same as the strength of the steel in the soft

condition, while with seam arid spot welding it is higher by 20 - 30%.

Welding of the stainless low-nickel structural steel substitutes with

austenitic and austenitic-ferritic stainless stell of all grades is

permissible.

The OKhl7T steel is corrosion resistant in sea water, industrial

atmospheres, and is not subject to intercrystalline corrosion. The Kh-

28T steel has high corrosion resistance in atmospheric conditions, in

aggressive media and in sea water. The corrosion rate of the Kh28T steel

is very slow in a mixture of 1.5% lactic acid and 2% phosphoric acid

(at 250 no more than 0.001 mm/year), in 9% acetic acid, 3% lactic acid

and in a mixture of 10% sodium chloride and 3% acetic acid (at 40) it

is no more than 0. 0005-0. 002 mm/year.

TABLE 7
Mecahnical Properties of Stainless Low-Nickel Structural Steel Substitu- .
tes (no less than)

yaI M ) l°..

4 OXMIT(3H645) 51 29 33 B cocromNau
D OCTll amn S

6 X2UT(3L457) 60 - 23
7 X28AH (311657) 67 54 25 Hopmamtoia-

9 xlt4rtH3T
(iWI7ThI) .... 70 25 40 3axaama C 10

II ZIHIArO 105U"
(BH877i 70 35 45 3aa~nsa e 12

1075-I IUO"

13 To mle ..... 100 75 20 MUMc.e ,arap-
•INE 14

l) Steel; 2) (kg/mm2 ); 3) temper; 4) OKhl7T (E1645); 5) as delivered-
6) Kh28T (E1457); 7) N28AN (E1657); 8) normalized from 900; 9) Khl 4 -
Gl4N3T (E1711); 10) quench fran 10500; 11) Khl7N4AG9 (E1878); 12, water
quench from 1075-1i00*; 13) same; 14) after strain hardening.

Along with this the Kh28T steel is not prone to intercrystalline

corrosion and is highly refractory (weight gain from gaseous corrosion

does not exceed 1 g/m 2/hr). The Kh28AN steel containing nitrogen is not
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TABLE 8
Physical Properties of Stainless Low-Nickel Structural S,:eel Substitutes

,ypmdia f 04 T

! _Nx
- i T - i

5X2ST 100-200 1to.4- 200 0,06
15.9$~

?00--00 to. I t- t00 0.1376
25.53

6X28AM 100-200 96,3 300 01042
(X 6357) 790--nU 1t5.86 600 0.066

7x i4rI4 3T t01-20o 17.4 1O0. 0.643"(7?I 1 700--i"10 24.3 - -
217H4A tOO-200 1. - -I

OHII) 500-6u 1.10 - -

1) Steel; 2) temperature range (oC); 3) temperature (°C); 4) (cal/cm-
-sec-°C); 5) Kh28T; 6) Kh28AN (E1657); 7) Khl4Gl4N3T (EI71l) 8) Kh!7-
-N4AG9 (EI878).

TABLE 9
Pressure Working, Heat Treatment and Application Conditions for :tain-
less Low-Nickel Structural Steel Substitutes

T, N,-u-s Nou~tut .u~-p

CYM&b 009*00mB RaLwNUs o0.6p= UNOI lU~EE"Tp "n.2ejenaoro/pwe me

~onaaisooops- S! 1 3 4 BMXKmn|

01I 1T Xoa C4IU•eoipmaumn. Xo- 01-.rm u p. to*00 • f.IeamP M Y A K ,,M -
IOWO .lOIaTiM OV a ro- 780" j cpy11tmu. B N-p-' 3O Tpe-

6 7 I InqAXt Com m- a"_ _yInew__O* CUp"M
man e 06marmew A~o 80% ONSAMO~w~el

to X26T I a to0O--II$O 135 nr3.... CIa.. XIvHMT

X28AH) raydwama ihr'I.x..t Oea npo- Hpai3a- t0-115U" . comp"Wle •co tueuAce" . we,.
(a1ob?) l e~ y'oqlo* wpunl. olpa- N funp.. 9000 *u e Cie ... X IBIIgT .LI

II Go'm. MT8MaunoD.<C C Y'XM- (X21 i ""n "4N IINmVM a Ar n etp mfmo ,, CI-
enem 0tmee 20% niuO - i_ I ryop Nun- S i SOlUoU., nprAH q, Bi

DODNAYCT R MW•C•N NpUOB. PN N M 1.U) iftoprnsIlS. WC.'1T4%B
e npou@,,ryto, oI ?tep,,, 1/ I,,pio,,,o, 43 • "

x rlHT(aM7I I) NUCN IipN 1200--820. I l)gO°, oR- | u nft.ZaralondmuIICI •eiClI J.nyClame'•A, ray(owau BM'- Aa.am.Aem,•e 3 | BN10 BUins~',IC;Hi Hops..-
16 i '1NIm B8 .p. D.IM ZoJo-IO 3028 PaN NB J 83s. 3a wM~eNI.lb CuBE,•

2%tTHtfllj 3BNBJN.t e 21 i OO ,3traA. p, euh,r.Jo, mwu r

(316875) 1 075", Ow-. lrtpIIwl )c;frtmI *
20o i *,,I,,,, Hi H ?C,"|J~ly.lt CTBAU

__ _ _ _ _ _ _ B o*C __ __ _ I __ _ __ _ __ _ _

1) Alloy; 2) pressure working; 3) heat treatment; 4) temperature of be-
ginning of intensive scale formation; 5) application; 6) OlhI7T; 7) cold
deformation. Rolls well in hot and cold conditions with reduction to
80%; 8) anneal at 7800; 9) unwelded components or structures in which
the use of fusion welding is not required; 10) Kh28T; 11) replacement
for Khl8N9T steel; 12) Kh28AN (E1657); 13) deep drawing without inter-
mediate heat treatment. Stamping with elongation no more than 20% per-
formed in several steps with intermediate heat treatment; 14) normaliz-
ation at 9000 (to relieve internal stresses); 15) weld Joints. Replace-
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merit for KhIl8N9T steel for operation in, aggressive media of nitric,
organic and inorganic acids; 16) Khl4G14N3T (E1711); 17) hot pressure
working at 1200-820. Deep drawing and other forms of cold stamping are
permitted; 18) quench from 10500, cooling in water or air; 19) partzs
operating to 4000 and subject to the action of atmospheric corrosion.
Replacement for I1l8N9T steel; 20) Khl7N4AG9 (EI878); 21) quench from
1075%, coling in water or air; 22) parts operating in atmospheric con-
ditions to 8000. Replacement for Khl8N9T steel.

prone to intercrystalline corrosion.

The Khl4Gl4N3T steel has high corrosion resistance in atmospheric

conditions, but somewhat lower than the Khl8N9T steel,

With regard to corrosion resistance ii atmospheric conditions and

in contact with liquid fuel, the Khl7N4AG9 steel is similar to the 18-8

type chrome-nickel steel. The steel is not prone to intercrystalline

corrosion in the soft or strain hardened conditions, weld joints in thin

sheet material made using argon-arc and resistance welding also do not

-show any tendency to intercrystalline corrosion. After an inducing tem-

pering theKhl7N4AG9 steel acquires a tendency to intercrystalline cor-

rosion.

References: Akimov G.V.,.Akimov K.I., Yedinaya spetsifikatsiay me-

*tallicheskikh materialov mashinostroyeniya Soyuza SSR, ch. 3 (Unified

Specification for Metallic Materials for Machine Design, USSR, Part 3),

M., 1948; Spravochnik po mashinostroitel'nym materialam (Handbook on

-Materials for Machine Design), Vol. 1., M., 1959; Alekseyenko M.F.,

Orekhov G.N., Boristaya stal' l5Kh2GN2TRA - zamenitel' staley ]2KhN3A,

12Kh2N4A, i l8KhNVA (Boron Steel 15Kh2GN2TRA - replacement for the 12Kh-

N3A, l2Kh2N4A and 18KhNVA Steels), Stal' (Steel), 1960, No. 6; Aleksey-

enko M..F., Korobkov A. V., Orekhov G. N., Malolegirovannaya konstruktsi-

onnaye. stal' 15Kh2GNTA (Low-Alloy Structural Steel 15Kh2GNTA), ibid,

1954, No. 4; Odesskiy D.A., Alekseyenko M.F., Vysokokhromistyye stali s

titanom i azotom - zameniteli staley l1Khl8N9 i iKhl8N9T (High-Chrome
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Steels withTitanium and Nitrogen - Replacements for the lJ~il8N9 and 1Kh-

18N9T Steels), ibid, 1961, No. 3; Alekseyenko M.F., St%,ruktura i svoystva

teplostoykikh konstrukt'sionnykh i ne-zhaveyushchikh sta.1ey (Stz'ucture

and Properties of' Heat Resistant Structual and Stainless Steels), M.,

1962.

M. F. Alekseyenko
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LOW-STRENGTH ALUMINUM SH{APING ALLOYS - see Corrosion-resistant

aluminum shaping alloys.

.2318
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LOW-STRENGTH WROUGHT MAGNESIUM ALLOYS are magnesium alloys with

ultimate strength of 17-23 kg/mm2 . One typical alloy is MAl, which con-

tains 1.5-2.5% Mn in addition to magnesium.

For chemical composition see Magnesium Alloys. The MAl alloy is

used for the production of all forms of wrought mill products. Their

mechanical properties are shown in Tables 1-5.

TABLE 1

Mechanical Properties of Mill Products Gurarnteed by Specifications*

T mm. Cociomma 11. 6 1 , I ,I h" Mff70i2pUawan 2 IcOaMoi 3 aernam 4 (ua1,.i) M

SJluCrii yontwmoe: ?yo~omeomww
0.8-3 ^^. ........ . 4 AN)'¥ 2284f nap 300-3•i0 Is I3
3,1-10 A. . .. ...... a To *e 5 ,.qeemm 0 17 3

* lpy.m, uveccosnu. 0 ao ' is, .,
130 AA... .......... 6 AMr"Y 227-49 0. II - 2

Ii 11•4oIo apecoosaaue . . AW•V 26-.49 ToaSe e 22 - 4
12nowxu n IuTunomsa . 6 ANTY 226-45 I - 2

*Specimens cut along fiber direction.

1) Forp of mill product; 2) specification; 3) material condition; 4)
(kg/mm ); 5) sheet thickness; 6) AMTU ; 7) annealed at 300-3500 for
30 minutes; 8) same; 9) extruded rods of diameter to 130 mm; 10) with-
out heat treatment; 11) extruded profiles; 12) forgings and stampings.

TABLE 2

Typical Mechanical Properties of Extruded Rods with Different Forms of
Testing

2 PA-mxeume 3 CM4m 14 -•p-• • t ." j1"5 c H1": 0

E-I °.., ,.I _ I --. ,I 0 Tep
malepualas N ' 3) MA)

6 0TO'eIR,•qentup 3 0 0-3500
v ""qm~e 30

1 . . .. 4000 0.341 24 1 1 61 3 6.5 t10i I S 1, 0.i 46 1 .S

l)Material condition; 2) 2 tension; ý3) compres±un; 4) torsion; 5) shear;

6) (kg/mm ); 7) (kg-m/cm ); 8) annealed at 300-3500 for 30 minutes.
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TABLE 3 TA~BLE 4
,Typical Mechanical k'roper- Mechanical Properties of Mill Prod-
ties of Sheet at.Room Tern- ucts at Elevated Temperatures
perature

________________ - - a -2 JJOcTM 3
.1 I Do~~aluaraprhaM. fl1 awni

*0022 $ X0g~ I

250 6 .2 9 5 4
3100 4. .5 15 6 35 9

*Determined with can' -

tilever bending of ro-
tating specimens on 1) Test temperature; 2) half-hard2
the basis of*5.10o7 cy- sheet; 3) extruded rod; 4) (kgWm 2)
c les

1) Matqrial condition- 2)
(g/mm9; 3) (kg-rn/cm)' ) annealed at 300.0 for 30
minutes.

TABLE 5-
f Creep Limits After 200

Hours with Residual Defor-
.mations of 0.1 and 0.2%

Buz~ noniYqO&PURSTO " _nun _________3

2 wn~a(%) 1100*1I50-1200f2.57.

*~~~ ~~ U~o pcoa- 1 3:71 2:. :1. 0,9

1) Form of mill products;
2) residual deformatign;
3)creep limit (kg/mm ý) at

temperatures; 4) extruded
rod.

The wear resistance of the MAl alloy in the annealed condition is

characterized by the following figures: in testing without lubrication

with sliding velocity 1.15 meters/second, the wear number v (indicating

the depth of wear in mm for a friction path of one kilometer) is 0.18

and 0.35 rn/km with specific pressure of 4 and 16 kg/m respectively.

Physical 'roperties of the alloy MAl: 'y =1.76; a =22.3.106 (20 -
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- 100"), 25.7.10.6 (100 - 200"), 32.0.10-6 (200 - 3000) l/C; X - 0.30

(200), 0.32 (200*), 0.32 (3000) cal/cm-sec-*C; c = 0.24 (100*), 0.25

(2000), 0.27 (300*) cal/g-OC; p = 0.0612 (20*) ohm-mmn2 /m; the latent

heat of fusion is about 70 cal/g. The MA1 alloy, in comparison with the

other magnesium alloys, has higher general corrosion resistance and Is

not prone to atress corrosion. Product surfaces are protected with in-

organi films and paint/lacquer coatings (see Paint-Lacquer Coatings

for the Magnesium Alloys, Corrosion of Magnesium Alloys). The MA1 alloy

is nut strengthened by heat treatment. Sheet is delivered in the anneal-

ed condition, other mill products are delivered without annealing.

The basic regimes for working of the alloy are: ingot casting tem-

perature 675-7500, pressure working temperature 250-450, annealing

temperature 340-4000. In the temperature range for pressure working the

plasticity of the alloy is high, at room temperature it is low. The al-

loy is welded well by the gas, argoniarc and resistance methods. It

machines well. The basic process parameters for stamping of sheet are:

minimal diameter of holes which can be punched at room temperature is

0.75S, at 260- 3200 - (0.25 - 0. 50)S (S is the material thickness).

Table 6 presents the ratio of the minimal benid radius to the sheet thi-

ckness as a function of temperature and bend angle (rmin/S).

TABLE 6 The limiting degree of draw of an-

Tu......2 YrOA aaro,, (rpayc) nealed sheet is: 3. 0-4. 2 for the 1st
Team-ps, 'c) s 2 6

3 Omom=ue..,,.S draw, 2.0-2.2 for the second draw, pres-
20 7-s 5-7 :_9It,o345 - sing pressure at the optimal stamping

800 2-S 1-2 i5-
temperature is 3.0-4.5 kg/cm2 . Sheet ma-

1) Temperature} 2) bend de from the MAl alloy is used for var-
angle (degrees5; 3) ratic
rmin/S. ious reservoirs in the chemical and other

branches of industry, for gas and oil

tanks which are fabricated by stamping and welding. Rods and stampings
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are used to fabricate details of tank and pipeline fittings and also
other lightly-loaded details. In connection with the introduction into
industry of argon-arc welding, the alloy M.A1 in the majority of cases
is replaced with the stronger and more plastic alloy W8.

References: see Wrought Magnesium Alloys.

A.A. Kazakov

--
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LOW-TEMPERATURE LUBRICANTS - plastic lubricating materials used

in mechanisms which must operate at temperatures down to -50 and oc-

casionally down to -80. The lowest temperature at which a given lubri-

cant can be employed depends on the design of the mechanism to be lub-

bricated and the conditions under which it must operate. The viscosity

of low-temperature lubricants at their minimum temperature usually

does not exceed 5-20 thousand poises. These lubricants are prepared

from low-viscosity petroleum or synthetic products thickened with

small quantities of lithium, calcium, or other soaps, ceresin, etc.

The general-purpose lubricant TsIATIM-201 (GOST 6267-59) has come

into wide use in the friction units of radio direction finders, •ompu-

ters, and other precision mechanisms; it is produced by thickening

MVP oil with lithium stearate (10%) and adding 0.3% of an antioxidant

(divinylamine). In addition to its positive properties (usability at

low temperatures, satisfactory resistance to oxidation and water), this

lubricant also has shortcomings (poor protective properties and high

evaporability) which limit its usefulness at temperatures above 80*

and under unfavorable operational conditions. It has a service life of

a year or more and retains its properties for three years or more when

stored in containers. It is recommended as a substitute for absolute

low-quality lubricants, such as KV, NK-30, No. 21, GOI-54, No. 12,

etc.

TsIATIM-203 lubricant (GOST 8773-58) is prepared from the more

viscous MK-8 oil thickened with the lithium soap of stearin and sper-

maceti oil and contains viscous and antiwear additives. It is somewhat
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less useful than TsIATIM-201 at low temperatures, but has better anti-

wear characteristics, a lower evaporability, and greater stability dur-

Ing storage; it is used in cases where a lubricant must be usuable at

low temperatures and have good antisiezing characteristics. TsITIM-221

can be used as a low-temperature lubricant (see High-temperature lubri-

cants), as can OKB-122-7-5, 122-7, 122-8, and 122-12 instrument

greases, which are produced by thickening a mixture of mineral oils

and synthetic products with ceresin and lithium and sodium soaps. They

are usable down to -700 and can be employed at elevated temperatures

(up to 120*).

V.V. Sinitsyn
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LOW-TEMPERATURE TREATMENT OF STEEL - is a thermal treatment consist-

ing in cooling of the hardened steel to a temperature lower than zero

and a subsequent heating in air. The transformation of a considerable

part of the residual austenite into martensite, a fact which results

in a supplementary hardening of the steel, is realizable by cooling to

-400 and below. The low-temperature treatment of steel is applied to in-

crease the stability of cutting tools, to improve the abrasion resis-

tance of parts, especially after cementation, and to stabilize the di-

mensions of hardened parts. Steel whose end point of the martensite

transformation lines below the room temperature is submitted to the low-

temperature treatment.

References: Petrosyan, P.P., Termicheskaya obrabotka stali kholo-

dom [Thermal Treatment of Steel by Cold], Kiev-Moscow, 1957.

M.L. Bernshteyn and I.N. Kidin
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LUBRICANTS RESISTANT TO AGGRESSIVE MEDIA - lubricants used primar-

ily as sealers in pump packing glands, stop cocks, and threaded Joints

and less frequently as antifriction lubricants in friction units ex-

posed to chemically active products (acids, alkalies, strong oxidizing

agents, etc.). These lubricants consist of purified petroleum oils or

mixtures of liquid fluorocarbons and fluroparaffins thickened with

special types of ceresin. The lubricant most suitable for the type of

aggressive medium invplved is selected in each specific case. The

lubricant should have no detrimental influence on the chemical sub-

stance in contact with it. The most inexpensive and convenient lubri-

cant resistant to oxidizing agents is the hydrocarbon lubricant TsIATIM-

205 (GOST 8551-57), which is obtained by thickening a mixture of vaso-

line and perfume oils (85:15) with white ceresin (45%). It is used

chiefly in packing glands, threaded Joints, and motor armatures and

less frequently for lubricating bearings exposed to aggressive substan-

ces. It is difficult to use this lubricant at low temperatures; its

melting point is 65°. The new lubricant germetol (TU 10-61) is now

being produced; this material is as resistant to aggressive media as

TsIATIM-205, but is serviceable at -500 or -600. TsIATIM-205 is con-

siderably less resistant to very aggressive media than the fluorocar-

bon lubricants 5A (STU 12-10, 15-61), No. 8 (BU 60-60), No. 11A (BU

17-59), 3F, and 10 OKF (VTU YeU 159-57), which are obtained by thick-

ening liquid perfluorochlorocarbons or trifluorochlorocarbons with

solid fluoroparaffins or fluoroplasts 3 and 4. These lubricants are

resistant to fuming nitric acid, chloric, hydrochloric, and sulfuric
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acids, concentrated hydrogen peroxide, liquid and gaseous hydrogen

chloride, liquid oxygen, etc. They are less resistant to amines than

TsIATIM-205 or the high-temperature lubricant TsIATIM-221. The speci-

ficgravity of fluorocarbon lubricants is approximately 2; their via-

cosity depends to a large extent on the temperature. Type 5A lubricant

is distinguished by high viscosity and density, but has unsatisfactory

operational characteristics at low temperatures. Its evaporability is

very high at 120-1500. Lubricants Nos. 8 and 11A are recommended for

use during the winter, but not at elevated temperatures (this being

particularly true of 11A), since they have high evaporability even at

80-1000. Lubricants 3F and 10 OKF have comparatively low evaporability

at temperatures of up to 1500 and can be used at temperatures of up

to 80-120. Because of their poor frost resistance most fluorocarbon

lubricants are rarely employed as winter antifriction lubricants, but

they can successfully be used under these conditions in packing glands

and similar lubrication points. In addition to plastic (consistent)

lubricating materials, liquid fluorocarbon oils of types 4F, 12F, 13F,

and UPI, manometric and balance fluids, etc., can be used as lubri-

cants resistant to aggressive media. These oils are used for lubrica-

ting friction units and mechanisms and as separatory and sealing fluids

for filling manometers and other instruments exposed to aggressive

gases (chlorine, nitrogen oxides, etc.).

References: Nikolayeva, T.N. and Kryzhko, Ye.P., Kh. [Chem. Ind.],

1959, No. 5, pages 18-20.

V.V. Sinitsyn
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LUBRICATING MATERIALS- substances and mixtures of substances em-

ployed principally for reducing the frictional forces which develop

when moving bodies come into contact and protecting metal articles

against corrosion. Such materials reduce the wear and heating of the

friction components, since the friction of one metallic surface again-

at another is replaced by friction between the layers of lubricant

separating the contact surfaces. Certain lubricating materials (indus-

trial oils) are used for cooling cutting tools, for quenching metals,

in hydraulic systems and shock absorbers for protecting mechanisms and

metal articles, and as heat-transfer agents, electrical insulating ma-

terials (e.g., transformer oil), and sealers (in packing glands, etc.).

Depending on their aggregate state, lubricating materials can be

subdivided into four basic groups: liquid, plastic (consistent), solid,

and gaseous. Liquid lubricants, which account for more than 90% of the

total consumption, are petroleum products (petroleum oils) or synthe-

tics (diesters, polysiloxanes, etc.). The viscosity'of these lubricants

varies within wide limits, depending on their type and the operational

temperature; they are used in internal-combustion engines, steam, wa-

ter, and gas turbines, various types of friction units, transmission

mechanisms, etc. Plastic lubricants'are grease-like materials in their

initial state and during operation, having a consistency similar to

that of vasoline. The wide use of these lubricants is due to the fact

that they are employed in various types of friction units (rolling-

contact and sliding bearings, etc.), as well as for prolonged preserva-

tion of mechanisms and as sealers (see Plastic lubricants). Solid_.g;-
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rcants (graphite, molybdenum disulfide, polytetrafluorethylene, etc.)

are used in pure form, mixed with other lubricating iaterials (oils,,

plastic lubricants), or with fillers. Gaseous lubricants are pure gas-

es, mixtures of gases, or the vapors of certain compounds in which the

friction and wear of unlubricated surfaces are less than in air or in

a vacuum. Depending on their purpose, lubricating materials can be

classified as general-purpose, high-temperature, low-temperature, pro-

tective, or sealing lubricants and lubricants resistant to aggressive

media.

V.V. Sinitsyn
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LUDERS-CHERNOV LINES are systems of lines (slippage traces) which

appear on the surface of metals (arid other materials) as a result of

plastic deformation. The Luders-Chernov lines are..most clearly seen on

a pre-polished surface. Usually these lines are inclined to the direc-

tion of the nc-mal stresses, which is associated with the orientation

of the surfaces of the plastic shears and the tangential stresses which

cause them. The occurrence, density and extent of the Luders-Chernov

lines give valuable information on the nature of the initial plastic

deformation (see Flow Figures).

Ya.B. Fridman
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LUMINESCENT DEFECTOSCOPE is an apparatus for the detection of sur-

face defects of materials and parts using the luminescent method. The

luminescent defectoscope is a stationary Installation in which there

are mounted devices for electric power supply and control, equipment

for coating the part with the luminescent composition, washing, drying,

and irradiation of the part with ultraviolet light with the aid of a

special lamp. Certain defectoscopes, for example, the LD-4 defectoscope

using the DRSh-250 lamp are equipped with a portable radiating unit

with the DRSh-250 mercury-quartz lamp which is used for the inspection

of large surfaces a section at a time. The supply for this type of lum-

inescent defectoscope is 3-phase alternating current at 380 volts with

power consumption of 2 kw; the equipment dimensions are: 1015x12040x

x766 mm, weight 240 kg.

S.I. Kalashnikov
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LUMINESCENT DEFECTOSCOPY is the inspection of the quality .of ma-
terials and products by means of magnifying the visibility of defects
by irradiating them with ultraviolet rays; here use is made of the ef-

fect of luminescence of certain irradiated fluids (mineral oils, cer-

tain salts, etc.). During luminescent defectoscopy there is applied to

the surface of the part being examined the fluorescent fluid with high

capacity for penetration into the cavity of the delecLs. The excess

fluid is removed, then the surface is powdered with a finely dispersed

powder which has high absorptive capacity (magnesium oxide, talc, sili-

ca gel). The powder attracts the fluorescent fluid from the cavity of

the defects and the excess powder is removed by an air blast. The de-

fects are detected from the luminescence of the powder moistened with

the fluid when it is irradiated with ultraviolet light. To improve the

sensitivity and reduce the time of contact of thepart with the fluores-

cent fluid use is made of the vacuum method. The essence of this method

is that the part with the fluorescent fluid applied to its surface is

placed in a chamber which is then eva.uated. There is simultaneous re-

moval of the air which was in the cavities of the defects, which re-

sults in facilitating the filling of these cavities with the fluores-

cent fluid. The ultrasonic method of luminescent defectoscopy is based

on the action of intense ultrasonic vibrations on the test part immerse-

"ed in the fluorescent fluid, which results in improvement of the fill-

Ing of the defect cavities by the fluid and the sensitivity of the lum-

inescent method is increased.

2332



II-108kl

Reference: Polyak E.V., Lyuminestsentnyy metod defektoskopil I

opyt primeneniya yego v mashinostroyenil (Luminescent Method of Defect-

oscopy and Experience of its Use in Machine Design], in collection

"Defektoskopija metallov" [Defectoscopy of Metals], M., 1959, p. 139.

Z.I. Kalashnikov
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LUMINOPHORES are synthetic luminescent substances. With respect to

chemical composition the luminophores are divided into the inorganic,.

most of which belong to the %rystallo-phosphors, and the organic.

The. organic luminophores produced under the name of lumogens (for

example, light-yellow lumogen, orange-red luMogen) are usually quite

complex organic substances of varied structure having bright lumines-

cence under the action of ultraviolet and frequently also the short.-

• wave portion. of visible'light. They are used as decorative paints, in

polygraphy, for luminescent fabric finishes, in hydrology for lumines-

L--'-zcent marking of sand, in luminescent microscopy. Paints made from the

organlc luminophores have greater brightness and purity of color than

the conventional paints. The inorganic luminophores are divided into

the following basic types:

l. The luminophores which are excited by light (photo-lumino-

phores). Initially, for low-pressure luminescent lamps use was made of

a mixture of MgWO4 (blue light) and (Zn, Be) 2 SiO0-Mn (yellow-red light).

These luminophores were replaced by the single-component luminophore,

calcium halophospha.te, activated with Sb and Mn[3Ca 3 (PO 4 )2 "Ca(F, Cl) 2 -

-Sbj, Mn], having a radiation defect in the red part of the spectrum. To.

"improve the color index, there can be added CaSiO3 -Pb, Mn (red light)

and Zn 2 SiO4 -Mn (green emission). For lamps with improved light color

;transmission, there can also be used the additives 6Mgo.As 2O0-Mn, (Sr,

"Sn which radiate in the red region of the spectrum. For

lamps with emission in the ultraviolet, use is made of BaSiO3 -Pb; (Sr.,

Ca) 3 (P0 4 ) 2 -Tl(y--25o-360 mt); (Ca, Zn) 3 (PO1)2 .T1; (Ca, Mg)3 (PO4 )2-Tl
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(x - 290-300 millimicrons, the so-called erythematous lamps). To cor-

rect the color index of the high and super-high pressure mercury lamps,

use is made of luminophores which under the action of ultraviolet light

give red emission and are not extinguished under the influence of the

high temperature created by the high-pressure lamps: [6Mg0.As 205 0.01

Mn; 3.5 MgO'0.5 MgF 2 -GeO 2 0.01 Mn; BaO • SrO Li 2 0 * 2.2Si02 • 0.3Ce

* 0.07 Mn; (Sr, Zn) 3 (PO ) 2 -Sn].

The luminophores with extended after-emission find varied use, for

example, for emergency illumination, luminous paints, marking signs.

The lominous paints, marking signs. The longest after-emission is shown

by the luminophores based on the sulfides of the alkali-earth metals

(CaS, SrS), activated with Cu, Bi, Pb, the rare earths and others (for

example, SrS-Bi, Cu). However, these luminophores are unstable in the

air and are difficult to seal. More practical use is made of the lumin-

ophores based on ZnS. The brightest after-emission is that (in the yel-

low-green portion of the spectrum) of ZnS-Cu (FKP-OZK) whose brightness

an hour after excitation by a daylight lamp is 0.005 apostilb. ZnS-Cu,

Co (FKP-04, FKP-05) has a lower initial brightness but still longer

emission duration.

2. Luminophores for electron-ray tubes and electron-optical con-

verters (cathodoluminophores). A tremendous number of luminophores with

differing emission spectra and differing duration of the after-emission

have been developed. The brightest are the luminophores with blue

emission - ZnS-Ag (K-10) (energetic output of the cathodoluminescence

up to 20%); to obtain white screens it is mixed with ZnS.CdS-Ag (yel-

low emlision). Use is also made of the silicate and tungstate lumino-

phores and certain oxides, for example, ZnO, CaO-Ce. For electron beam

tubes with after-emission use made of the luminophores 73% ZnS-27% CdS"

•0.004%Cu (inner layer) and ZnS-0.015% Ag (outer layer).
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3. Luminophores which are excited by x-rays (x-ray luminophores).

For x-ray screens for visual observation use Is made of luminophores

made from 58% ZnS and 412% CdS-Ag (104 g Ag,/g of the base) with yellow-

green emission corresponding to the region most sensitive for the eye;

for roentgenography use is made of the luminophores with blue emission

CaWO4 and also 90% BaSO 1.0•% PbSO4.

4. Luminophores excited by nuclear radiation. For luminous

paints and as weak sources of light, use is made of the so-called per-

manent action phosphors (PAP) - luminophores with an admixture of a

small quantity of radioactive substance. Originally to the ZnS-Cu lum

inophores there were added the natural a-radioactive substances (Ra or

Th). The service life of such PAP is limited by radiation damage to the

luminophores. This deficiency is not present in the PAP using 0-radia-

tors, for which use is made of certain isotopes with small energies of

the 1 particles, for example, H3. C14 The use of gaseous Kr 8 5 in tanks

coated internally with luminophores is being developed. Luminophores

for the recording of nuclear radiation in scintillation counters are

used in the form of large inorganic or organic monocrystals, and also

plastics and liquid solutions termed scintillators.

Electroluminophores. ZnS-Cu is the primary one of practical import-

ance. In contrast with the conventional luminophores, in the electro-

luminophores the Cu content is elevated (to 10- 3 g Cu/g ZnS). Coactiva-

tors Mn, Ag, Pb, Sb, Ga, Al, Cl are introduced into the luminophores to

vary their properties (increase the brightness, variation of the spec-

trum). In addition to ZnS, (Zn, Cd)S, Zn(S, Se) and others can be used

as bases for the electro-luminophores.

References: Moskvin A.V., Katodolyuminestsentsiya [Cathode Lumin-

escence], Pt. 2, M.-L., 1919; 0 nekotorykh primeneniyakh lyuminestsent-

sii [Some Uses of Luminescence], Tallin, 1960; Khimiya i tekhnologiya
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lyuminororov (Chemistry and Technology of Luminophores], L.,* 1960
(col., of works of the State Institute of Applied Chemistry].

u.S. Leonov
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LUMINOUS COATINGS -coatings containing luminous powders (lumin-

ophores) as pigments. They are used to illuminate instrument scales,

indicator needles, emergency instruments, rire-fighting equipment In

public buildings, warning signs in passageways, etc. Both temporary

an d permanent luminous coatings are manufactured. The former include

coatings containing .luminophores (zinc and cadmium sulfides, mixtures

or calcium and strontium sulfides, and sulfides or other metals). The

sulfides themselves are not phosphorescent, the luminous agents being

selective impurit ies or activators (Ba., Cu,, Mn., Ag, and other metals),9

introduced into the sulphite crystals. A luminop'hore fluoresces as a

result or exposure to light, ultraviolet rays,, electron beams, and

other types or energy. Luminous coatings are obtained by mixing a dry

fluorescent substance with a lacquer. A total or 6-8 parts by weight

or light-colored lacquer (dammar varnish, TU MKhP VSh-191-47, or metha-

crylic lacquer, TU I4KhP 1072-47, etc.) are added to f ur parts by weight

of the luminescent substance. Luminescent coatings are prepared In,

glass or porcelain vessels shortly before they are to be used. In order

to obtain maximum brightness several layers of l1umine cent coating are

applied to a surface preliminarily covered with a whi e paint contain-

ing no lead. After the luminous coating has been applied it is protec-

ted with several additional layers of light-colored lacquer. The ser-

vice life of temporary luminous coatings is up to 1 y ear in dry rooms

and 3-5 months in damp or exposed areas. Permanent 1ýinou .s coatings

(which last several years) are obtained by in'troducin radioactive im-

purities into the luminescent substance (radium, thori-um, etc. salts).
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Commercial dammar varnish is used as a binder. A total of 1 part by

weight of varnish is used for each 1.8-2 parts by weight of luminescent

substance. Such paints are applied to surfaces preliminarily covered

with zinc oxide suspended in dammer varnish. Strict observation of the

safety requirements established for working with radioactive substances

is necessary in storing and using permanent luminous coatings.

References: Lazarev, D.N., Svetyashchiyesya kraski [Luminous

Paints], Leningrad, 1944.

I.I. Denker
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LMTER- the ability of solids to scatter light in rather selec-

tive directions, so that the apparent brightness of the object or in-

dividual portions of its surface is sharply altered when the position

of the object or observer is slightly shifted. The character of thV

luster depends on the nature of the surface and the extent to which it

is treated. We can distinguish metallic, metalline, and nonmetallic

lusters. The term metalline refers to the luster of tarnished surfaces.

Nonmetallic lusters are classified as adamantine (diamond, cuprite,

etc.), vitreous (quartz, gla.s, gypsum, etc.), oily, and silky.

L.S. Priss
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MACHINING OF PLASTICS - removal of burrs, poring marks, and other

nonunifurmities and roughnesses from finished products, milling, drill-

ing, and cutting of semifinished products with cutting or abrasive

tools, etc. Plastics are machined by hand or on specialized metal-work-

ing machine tools. The optimum machining regimes and cutting-tool geo-

metries for different types of plastics vary, depending on the proper-

ties of the binder and the character of the filler and differing from

those for metals. As a result of the special characteristics of plas-

tics (low thermal conductivity, relative softness, and higi. abrasive

characteristics), a large portion of the heat is absorbed by the cut-

ting tool, which wears considerably more rapidly than during the ma-

chining of metals. The cutting tool should consequently be made of

high-speed steel faced with hard alloys or ceramic plates. At low cut-

ting speeds the machined plastic surface is of low quality, while at

very high speeds the material burns; the optimum machining regime must

consequently be selected for each type of plastic.

Plastics are turned on lathes with cutting, sinking, and other

types of tools. The cutting regime for lathing depends on the type of

cutter, the type of hard alloy, the resistance of the tool, the depth

of the cut, etc. There are cutting-speed correction factors for various

conditions.

The table shows the optimum cutting regimes and cutting-tool char-

acteristics.

Laminated plastics (including glass plastics) and thermal-plastic

sheets and shapes are cut with band saws, circular saws, disc millers
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Fig. I. Diagram of general-purpose semiautomatic machine tool with con-
tinuods circular displacement of workpiece: 1) Abrasive wheel; 2 and 3)
tapers forming annular slit and positioning workpiece; 4) feed disc
rolling workpiece along slit; 5) reduction gear transmitting motion of
motor to feed disc; 6) workpiece; 7) loading trough; 8) discharge

j trough.

of the NIIPM type, millers with alternately inclined teeth and an oval

cutting edge, etc. It is recommended that tubes and other shaped prod-

ucts of thermoreactive plastics be cut and faced with abrasive wheels

having a thickness of 1-4 nam, a hardness of from SMI to STi, and a v0_-

canite or bakelite binder of type KCh-36. Sheets of vinyl plastic up to

4 mm thick are easily cut with various types of shears, especially me-

chanical shears consisting of two sharp-edged discs rotating in oppo-

site directions. This process is carried out at a temperature of no

less than 20-250, since vinyl plastic cracks when cut at lower tempera-

tures. Thermoreactive plastics are machined without cooling, but it is

recommended that thermal plastics be cooled with 5% emulsol or com-

pressed air.

Deburring of holes and drilling are carried out with cylindrical,

spiral, and flat bits. The latter are employed only for deburring or

for drilling shallow holes. In order to increase the resistance of the

bits they are faced with hard-alloy plates. In drilling through holes

it is recommended that a soft, smooth material (e.g., wood) be placed

beneath the plastic to eliminate burrs on the lower edge of the hole.

Drilled surfaces of the highest quality are obtained by using high

speeds and low feed rates and raising the drill frequently. Machining

of polyformaldehyde at high speeds requires cooling or lubrication, but

2342



II-65P-3

cooling is not obligatory at low speeds.

Drilling and turning of plastics require rigid clamping of the

workpiece in order to avoid wobbling and vibration; the play of the

working end of the drill should not exc-cd 0.05 mn. A powerful exhaust

system is needed to remove the dust produced in drilling plastics, es-

pecially thermoreactive plastics (phenolic plastics, ATM-i, textolite,

and glass plastics).

Fig. 2. Diagram of general-purpose semiautomatic machine tool with con-
tinuous gradual displacement of workpiece: 1) vertical stand; 2) drive
pulley; 3) belt that rotates and gradually advances workpiece; 4)
clamp; 5) pressure springs; 6) workplece; 7) bench; 8) abrasive cylin-
der. a) Section through AA.

Fig. 3. Diagram of semiautomatic machine tool for machining cylindrical
components: 1) Shaft of abrasive wheel; 2) abrasive wheel; 3) special
spring-loaded file-like tool; 4) workpiece; 5) guide-channel intake; 6)
discharge hopper; 7) flywheel; 8) coaxial discs that rotate workpiece;
9) electric motor.
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I

3

Fig. 4. General-purpose machine tool for mawhining various plastic com-t ponents: 4) Bench; 2) electric motor; 3) electric motor with chuck for
i drilling; 4)pressure roller; 5) lamp;) foot pedal.

Fig. 5. Semiautomatic machine tool for complex machining of rectangular
workpieces: 1) Workpiece; 2) loading aperture; 3) loading lever; 4)
screw conveyor to transport workpiece along bench; 5 and 6) abrasive
(grinding) wheels for facing; 7) abrasive wheel for cutting grooves; 8)
miller for punching films and milling holes; 9 and 10) brushes for
cleaning dust from finished product; 11) trough for moving finished
products to packing bench.
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Pressed components of thermoreaetve plastics are generally de-

burred and finished with abrasive tools, corundum and carborundum A-

grinding wheels and belts. The structure of grindirg wheels is speci-.'.

* fied by GOST 3647-59, while that of belts is determined by GOST 5009-62

and 6456-62. Phenolic and amino plastics are rough-machined with carbo-
rundum grinding wheels having a highly porous open structure, a granu-

larity m - 20, 24, or 36, and a hardness of $1, SMi, or M2. In order to

obtain a good surface the cutting depth or transverse feed should not

exceed 0.07-0.2 mm for rough machining and 0.01-0.05 mm for finish ma-

chining. After deburring with a cutting or abrasive tool the machined

surface must be polished. This is done with soft cotton-flannel or byaz

pads coated with a thin layer of polishing paste and then with clean

pads. A typical buffing pad has a diameter of 150-300 mm and operates

at 1400-2200 rpm. Sharp edges or corners of the component should not be

pressed against the buffing pad counter to its rotation, since this may

lead to breakdowns and accidents. Certain types of plastic (particular-

ly organic glass) can be polished in a hydrogen flame, which gives the

material a very smooth, lustrous surface. A very efficient process for

finishing small press-powder components with burrs no more than 0.25-

0.3 mm thick is tumbling in drums containing abrasive materials (wood

chips, sawdust, ground fresh peach, apricot, and other pits, etc.),

which provides more rapid and cleaner machining.

Pressed components are machined with specialized and general-pur-

pose automatic and semiautomatic machine tools; these include semi-

automatic tools with continuous circular displacement of workpieces

having the shape of bodies of rotation (Fig. 1), semiautomatic tools

with continuous gradual displacement of the workpiece (Fig. 2), semi-

automatic tools for machining cylindrical components (Fig. 3), tools

for machining various plastic products (Fig. 4), semiautomatic tools
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for complex machining of rectangular workpieces (Fig. 5), etc. See

Structural plastics.

References: Yegorov, S.V., Obrabotka rezaniyem konstruktsionnykh

plastmass [Cutting of Structural Plastics], Moscow, 1955; Larin, M.N.

and Ignatov, B.A., Frezovaniye plastmass - tekstolita i getinaksa

[Milling of Plastics - textolite and getinaks], in collection: Novyyc

issledovaniya v oblasti obrabotka rezaniyem metallov i plastmass [New

Investigations in the Cutting of Metals and Plastics], Moscow, 1952;

Shapiro, G.I., Mekhanizatsiya i avtomatizatsiya mekhanicheskoy obrabot-

ki plastmassovykh izdeliy [Mechanization and Automation of the Machin-

ing of Plastic Products], in collection: Plastmassy v mashinostroyenii

(Plastics in Machine Building], Moscow, 1959; Shrader, V., Obrabotka i

svarka plasticheskikh mass [Machining and Welding of Plastics], trans-

lated from German, Moscow, 1960; Konovalov, P.G., Plasticheskiye ma3sy,

ikh svoystva i primeneniye v promyshlennosti [Plastics, Their Proper-

ties and Industrial Applications), Moscow, 1961; Normali mashinostroy-

eniya [Machine-Building Norms]: MN 3638-62, MR 3646-62, RTM 59-62, rTM

60-62. Instrument rezhushchiy dlya obrabotka termoreaktivnykh plast-

mass. Frezy otreznyye (Cutting Tools for MachinLig Thermoreactive Plas-

tics. Milling Cutters], Moscow, 1963; Bernhardt, E., Pererabotka termo-

plastichnykh materialov [Machining of Thermoplastic Materials], trans-

lated from English, Moscow, 1962.

Ye.A. Kuks
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MACROCRYSTALLINE SHELL OF ALUMINUM ALLOYS (recrystallization

3hell) is the macrocrystalline structure on the periphery of the cross

section of extrude4 aluminum alloys. The structure and the properties

of the metal in the shell differ significantly from the structure and

the properties of the fine grained core. The shell is formed during

heating of the extruded semifabricates as a result of the marked agglom-

erative recrystallization of the strongly deformed metal of the surface

layers. In the shell there is observed a reduction of the strength in

comparison with the core as a result of the partial or complete relief

of the press effect (see Press Effect of the Aluminum Alloys). It can

reach 10 kg/mm2 and more. The thickness of the shell increases from the

leading end (emerging end) of the extruded semifabricate. Therefore,

the measurement of the thickness of the shell is made at the end op-

posite the emerging end. The thickness of the shell may vary around the

periphery of a particular cross-Section of the semifabricate. On pro-

files which are not to be subjected to mechanical working, and also on

rods of the alloys AV, AK6 and AK8, the thickness of the macrocrystal-

line shell must not exceed 5 mm; on rods from the alloys Dl, D16 and

V95 it must not exceed 3 mm. It is possible that cracks will appear in

the shell zone during hardening of massive extruded semifabricates. To

avoid this, the heating of such products for hardening should be car-

ried out at a temperature corresponding to the lower limit of the recom-

mended temperature range and cooling should be done in warm water (30-

50"). During stretch straightening in the as-hardened condition, there

may arise in the extruded semifabricates with a macrocrystalline shell

i.. - 2352
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internal stresses which are associated with the nonhomogeneity of the

properties across the section. The magnitude of the stresses is propor-

tional to the thickness of the shell and the difference of the values

of the proportional limits of the shell and the core. The formation of

the macrocrystalline shell can be prevented or reduced if the tempera-

ture of the initiation of recrystallization of the alloy is increased.

This is achieved by correction of the chemical composition of the al-

loy (in particular, by increase of the manganese content to 0.6% and

higher), by increase of the extruding temperature and reduction of the

hardening temperature.

Ye.D. Zakharov
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MAGNALIUMS are alloys of aluminum with up to 10% magnesium and

other elements. Depending on the Mg content, the magnaliums are divided

into wrought (to 7% Mg) and casting (5-10% Mg). The magnaliums weld

well, have high corrosion resistance and ductility and the highest fa-

tigue limit of all the aluminum alloys. The wrought alloys are further

strengthened by strain hardenings, the cast alloys with Mg content of

more than 8% are further strengthened by heat treatment. The properties

of the magnaliums vary depending on the composition: ob = 17 - 36 kg/mm2 ,

00. 2 to 16 kg/nma 2, 6 = 16 - 20% (see Weldable Wrought Aluminum Alloys).

The magnaliums have fotund wide application in connection with the deve-

lopment of the technology for their fusion welding (see Welding of the

Aluminum Alloys).

O.S. Bochvar, K.S. Pokhodayev
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MAGNESITE is a mineral, magnesium -.Rrbonate (M(;CO 3 ), also an ore

consisting primarily of mineral magnesite. In industry the names caus-

tic magnesite and deadburned magnesite are given to the industrial pro

ucts consisting primarily of Mg oxide, regardless of theoriginal mater

ial (magriesite, dolomite, brucite, magnesium salts, sea water or stron

natural brines). Admixtures are most often Fe, less often Mn and Ca; i

nature the most common variable admixtures are of carbonaceous matter,

silica (in the form of quartz and talc), lime (in the form of dolomite

Magnesite dissolves slowly in cold acids. The solubility in water at

25* is 9.0 mmol/liter. The color is white, yellowish, gray; in cathode

rays it has a crimson color. Its specific weight is 2.9-3.1, volume-

tric weight is 2.10-2.35. Magnesite is brittle, has perfect hexagonal

cleavage, the hardness of pure MgCO3 is 3.75-4.25, the hardness of mag

nesite rock is 4.0-4.5. The compressive strength of fresh magnesite

rock is about 900kg/cm2. Thermal conductivity is about 11 cal/sec-cm.

The equilibrium dissociation temperature at PCO 2 = latim is 373, undo

conditions of rapid heating in an air atmosphere it is 520-6900. Heat

of formation: MgO + CO = MgCO 3 + 27240 cal. Chemically active caustic

magnesite is obtained with a calclning temperature of 750-1000*, high:

refractory deadburned magnesite is obtained at 1500-16500. Specially

pure molten periclase is obtained with elevated calcining temperature

in electric furnaces. Magnesite is used primarily as a refractory and

binding material; in metallurgy deadburned magnestie in the form of mf

tallurgical powder is used for building up the bottoms and walls of 0

pen-hearth furnaces kit is sometimes replaced by dolomite powder); in
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the form of magnesite brick it is used for the lining of the front and

rear walls and the floors of open-hearth furnaces, in electric steel

• amelting, heating and rotating furnaces, mixers, convertors, etc. Caus-

tic magnesite is used in other branches .ofindustry. The construction

industry uses magnesite cements for the production of heat and sound

insulating materials: fibrolite (with wood chips), xylolite tiles (with

wood shavings), terrazzo tiles (with marble grit), magnesite foam (st-

ructural cellular concrete), magnesite plaster. Magnesite also finds

wide application in the chemical industry• (in the form of magnesium

compounds), in the sugar industry (for" refining),. in the ceramic indus-

try (fluxing additives to porcelain, earthenware, sanitray ceramics

which reduce the coefficient of thermal expansion of the products and

the deformation during firing), in the. paper industry (sulfite produc-

tion of cellulose), in the rubber industry, in the cable industry (fil-

ler for electric insulation materials), in the paint industry (filler

for fire-resistant paints), in the metallurgy of light metals (produc-

tion of metallic magnesium by means of charcoal recovery from a mixture

of magnesite and a charge of the magnesian cement type).

The requirement for magnesite are defined by GOST 1216-41 which

applies to magnesite caustic powder.

References: Trebovaniya. promyshlennost! k kachestvu mineral'nogo

syr'ya (Industry Reguirements on Quality of Mineral Raw Material),

Handbook for geologists, No. 40, Kilesso S.I., Magnesite, M.-L., 1947;

Minerals yearbook 1958, Vol. 1, Wash., 1959.

P.P. Stolin
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MAGNESIUM. Mg is a chemical element of group II of the Mendeleyev

periodic system, atomic number 12, atomic weight 24.312; it has three

stable isotopes: Mg24 (78.60%). Mg2 5 (10.11%) and Mg26 (11.29%). Magnes-

ium is one of the most abundant elements, its content in the earth's

crust is 2.10 wt. %. The raw material resources of magnesium are pract-

ically ulimited, in nature it is encountered primarily in minerals; do-

lomite (CaCO 3.MgCO 3 ), magnesite (MgCO 3 ), carnallite KC1.MgC12.6H2 O), in

sea water (0.14% Mg) and others. Magnesium is a light, silvery-white

metal with bright luster. The chemical composition and mechanical pro-

perties of the magnesium produced industrially are shown in Tables 1

and 2. Magnesium crystallizes in a hexagonal close-packed lattice: a =

= 3.2028 A, c = 5.1998 A, atomic radius 1.60 A.

TABLE 1
Chemical Composition of Grade Mg Magnesium (GOST 804-62)

Ma I 2upowsm m%. w Sanae
we") A 1 1411 B Mn ~. CU NA K CI c . ~t

t 0 8.021 0.001 1 .01 , 1 0.04 0.005 0.03 0.005 1 0.0051 .

1) Mg (%, not less than); 2) impurities (%, not more than); 3) total
impurities.

The specific weight of wrought magnesium is 1.739, for cast mag-

nesium it is 1.737, tpl is 651, tkip is 1107%, heats fo fusion and ev-

aporation (at tkip) in cal/g-atom are respectively 2100 and 30,500.

Thermal conductivity is 0.37 cal/cm-sec-@C, specific heat in cal/g-OC:

0.241 (00); 0.248 (20*); 0.254 (1000); 0.312 (650*). Thermal coefficient
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TABLE 2
Mechanical Properties of Magnesium at 20o

2aa PAI") 2 (no A--) IS

j I LO: 3p .. . , OO 60S !j S 6 3,] Ipymru bpc•omarnin.e.........4tug*0 t6@@ U.3• 2-$ 24 ItI t j 2

5 ogr•,i.................. 1| 1u0 t600 O.013 -- IS S -- 40

1) Material condition; 2) (kg/mm2 ); 3) cast in sand mold; 14) extruded
rods; 5) forgings; 6) annealed sheet.

of linear expansion 25.0. 10- + 0.0188 t (in the interval 0-550@). El-

ectrical resistivity is 4.5.10-6 ohm-cm at 200. Pressure of saturated

magnesium vapor in mm Hg: 1.66 (627@); 8.71 (7270); 407.4 (1027@); 760
(no1°).

Magnesium is the most electronegative of the constructional metals

thus, for example, its electrode potential in a 3% Nat1 solution is e-

qual to - 1.45 v. Magnesium has satisfactoryj corrosion resistance in
atmosphere conditions, is stable in many anhydrous organix liquids (oils,

petroleums, gasoline, kerosene), in solutions of tbe fluorides, chrom-

ates and bichromates, in the alkalis. Magnesium corrodes actively in
the organic and mineral acids and their salts (other than the fluorides)

in aqueous and alcohol solutions of the acids. Among the most harmful

impurities which reduce the corrosion resistance of magnesium are nickel

(thousandths of a %), iron (hundredths of a %). Products made from mag-

nesium are protected against corrosion by inorganic films. Unprotected

magnesium interacts with moist air and is covered with a hydroxide film

which does not protect the metal from further corrosion. For long time
storage pig magnesium is coated with gum eil and wrapped with paraffined

paper. Magnesium is melted under fluxes to prevent combusion. The cast-

ing temperature is 680-710. Pressure working is performed in the range

i . 2358iut wtoeu
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of 23o-48o0. Extruding temperature is 400-440, rollinm in nit.ati-.d et

470-480. Magnesium machines very well, welds well using oxyacetylene,

argon-arc and electric spot welding (see gelding of Magnesium Alloys).

The primary field of application of magnesium is the production of mag-

nesium alloys (see Magnesium Alloys). Magnesium is used in metallurgy

as a reducing agent in the production of serveral metals (beryllium,

titanium, chromium, and others), and also as a deoxidizer. Magnesium is

used as an alloying elelment with aluminum, zinc and other bases. The

ability of magnesium to ignite in the powdery condition with the release

of a large quantity of heat and white light is used in pyrotechnics -

- for the production of signal rockets, incediary bombs, etc. There are

indications of the possibility of the use of magnesium as a coolant in

reactors (see Foramed Magnesium, Technical Magnesium, Electrolytic Mag-

nesium).

References: Portnoy K. I., Lebedev A.A., Magniyevyye splavy (Mag-

nesium Alloys), Handbook, M., 1952; Kolobnev I.F., Krymov V.V., Poly-

anskiy A.P., Spravochnik liteyshchika. Faconnoye lit'ye iz alyuminlyev-

kh i magniyevykh splavov (Founder's Handbook. Shape Casting form Alum-

inum and Magnesium Alloys), M., 1957; Raynor O.V., The phyical metal-

lurgy of magnesium and its alloys, L., 1959.

N.M. Tikhova
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MAGNESIUM-ALLOY CAST IRON (high-strength cast iron) -'is a variety

of the gray iron, in the structure of which the graphite coagulations

have a spheroidal size,, brought about by modifying the molten iron with

additions of magnesium or its alloys (Table 1). The spheroidal graphite

coagulations, having a minimum surface at a given volume and a smooth

profile, weaken the metal base of the cast iron to a much lesser de-

gree than the precipitations of lamellar graphite. In contrast with the

latter, the spheroidal coagulations have a lower stress-concentration

effect., and therefore impart to the magnesium-alloy iron a high

strength and a considerable plasticity, properties which are not at all

peculiar to gray iron with lamellar graphite. Moreover, magnesium-al-

.loy cast iron possesses a considerable impact toughness. Thus, given

* the same structure of the metal base, magnesium-alloy cast iron pos-

sesses .better mechanical properties than gray iron with lamellar

' grahpite; thus magnesium-alloy cast iron is used in machine building

for parts working under high loads. Many parts with a chilled surface

layer are also made of magnesium-alloy cast iron (see Chilled iron).

Magnesium-alloy cast iron is not inferior to cast carbon steel

Swith regard to several mechanical properties, and retains at the same

"time the specific properties of cast iron with lamellar graphite: a

high toughness under alternating loads, a good workability by cutting,

a high wear-resistance, etc.

There exist nonadditionally alloyed magnesium-bearing cast irons

*with pearlitic, pearlite-ferritic, or ferritic structure; alloyed mag-

nesium-bearing cast irons, including low-alloy irons with sorbitic or
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acicular (bainitic) structure; medium-alloy magnesium-bearing cast

irons with martensitic structure, and high-alloy magnesium-bearing cast

irons with austenitic structure (see Corrosion-resistant cast iron).

TABLE 1

Chemical Composition of Nonadditionally Alloyed Mag-
nesium-Bearing Cast Iron (GOST 7293-54)

C"Milsu •-vt 1 Pmo. S G,- -
83333 (AM) C. **I No.iILZZ1I

1 -1______fI, ~l-,I 11 ,) .

S¢ma8" I0 I2 -- .3t~O-.S o tO | ~ •1 *.--•. .*l0.6o10 f 8.5 -3
6ql ta --us 100 1.5--ES1

3go-.- 80 10 1.2 2.-3. 2 0.12 o.02 0.19*1"0 1 2.6-3.0

3'41" ~ 3"0- 3,2 2.0-2.11
Caumo#1 3o '.0 1 .- 1.4

8146 -. 2 2.5-S.2 see0.6 0.10 0.02 0.1a
846-19O 7 2.2 1 2.3-3.0 8 " o. 6 .008 O.01 0.0O

*The Mg content is equal to O.04-O.O8% in all mag-
nesium-bearing cast iron grades.

1) Cast iron; 2) wall-thickness of the casting (mm); 3) percentage of

elements; 4) not less than; 5) not more than; 6) VCh... ; 7) more than;
8) up to.

Modifying by magnesium causes in almost all cast iron grades a

spheroidal shape of the graphite coagulations, excepting cast iron

which contains Ti, Pb, Sb, As, Sn, Al, and more than 2% Cu. Addition

of cerium somewhat neutralizes the harmful effect of these impurities.

A spheroidal graphite may be also obtained by the Joint addition of

calcium and chlorides of magnesium, calcium and cerium to the molten

iron. In order to prevent chilling caused by magnesium, the cast iron

is subsequently modified by magnesium or magnesium alloys and graphiti-

zing additions, mainly high-silicon ferrosilicon.

The modulus of elasticity of the magnesium-alloy cast iron with

a ferritic base is 13,000-17,000 kg/mm2 ; that of the iron with pearl-

itic base is equal to 14,000-18,000 kg/mm2 ; the toughnes3 under alter-

nating loads is, independently of the structure, equal to 5-8% at a
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load of 1/3 O.

Heat treatment of magnesium-alloy cast iron, in order to obtain

castings with the required properties, is carried out under the follow-

ing conditions: 1) low-temperature annealing at 550-6500 to remove the

casting stresses; 2) graphitizing tempering at 900-980* (first graphi-

tizing stage) and at 700-7600 (second graphitizing stage) for castings

with an initial pearlite-cementitic structure in order to obtain a fer-

ritic or a pearlite-ferritic base; 3) graphitizing tempering at 700-

760" (ferritization) of castings with an initial pearlitic base to ob-

taina ferritic or pearlite-ferritic base; 4) graphitizing tempering at

900-980e with subsequent furnace cooling or, in the case of castings

having a pearlite-cementitic structure, cooling in air in order to ob-

tain a pearlitic base; 5) spheroidizing tempering at 720-7400 with sub-

sequent cooling in air of castings having an increased content of

manganese and chromium (0.8-1.5 Mn and 0.15-0.25% Cr) in order to ob-

tain a base with a grained pearlitic structure; 6) normalizing at 900-

9500 and annealing at 200-3500 to increase the wear resistance, or an-

nealing at 350-4500 to improve generally the mechanical properties;

7) surface hardening (by firing or by high-frequency) with subsequent

tempering at 150-2000 to increase the wear resistance while at the same

time maintaining the toughness of the core.

The alloying of magnesium-alloy cast iron is carried out with the

following quantities: 1.5-2.5% Ni, 0.4-0.7% Cr without molybdenum or

with 0.25-0.25% Mo to obtain a sorbitic base; 1.5-4.5% Ni, up to 0.5%

Cr (depending on the wall-thickness of the casting) and 0.8-1.0% Mo to

obtain a base with an acicular structure; 3.5-5.5% Ni, 0.8-2% Mn, and

0.5-1% Mo to obtain a martensitic base. Magnesium-alloy cast iron with

a martensitic base is annealed at 6500 or normalized at 850-9000 and

annealed at 200-600@, depending on the required hardness, before ma-
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chining.

Nonadditionally alloyed magnesium-bearing cast iron in raw or in

heat-treated state is used in the manufacture of a large number of

parts, especially in automobile construction: coupling forks, gearcases,

differential-gear housings, housings of the rear-axle; brake drums,

brake shoes, segments, cylinders, crankshafts (after spheroidizing tem-

pering), etc.; alloyed magnesium-bearing cast iron is used for parts

working under high loads or exposed to wear. The properties of magne-
S

sium-alloy cast iron are quoted in the Tables 2-8.

TABLE 2

Mechanical Properties of Magnesium-
Alloy Cast Iron (GOST 7293-54)

/OO Ir , r

~~~3 None*.| ome II0 l Il I. AoPm

. 4 " 31 So- k so 4 1I 1-$ To w -
so4 2 1. , .0 1,1 o.epI.*•

env 0010

1) grade; 2) structure of the base; 3) (kg/=2)ntest ; •
Am ; 5) state; 6) VCh... ; 7) pearlitic; 8the same; 9) ferritic; 10)
cast; 11) heat-treated.

TABLE 3
Relationship of the Effective
Mechanical Properties of Magnesium-
Alloy Cast Iron at Different Types
of Load

Ma.5 11 :.3 22I-,I O

I~t O A0"• , , , 0 ,I .3 ,I

. '260-2 0.?I 1. '28 1.0 0.35 0.26
2%1445- S, ,0 a -- -- 8 a .l .37 0.2 3

1) Grade; 2) VCh...
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i•TABLE 4
Fatigue Strength o61 Magnesium-Al-loy Cast Iron

I oes.o 1 2 (*" 0 e .

*cp auma n 42 44 -11 5-1I11
0.30flepaurum 56~-64 23-- 5 16--t0 0.4!-- -0 .33-- t.-

1) Structure of the base; 2) kg/mm2; 3) ferritic; 4) pearlitic.

TABLE 5
Mechanical Properties of Magnesium-Alloy Cast Irons (British Standard
BS 2789/1956)

Cpi ypa-, I °' I o.' I°(.,* ., 3I .. 3
1 42NI

oIII a i 6 1)G m n

a - __ ; 1742! 12 4.8 Te.ýwc
?* 7 34 27 17 1.5 '

*On notched Charpy specimens.

1) Structure of the base; 2) (kg/mm+) not less than; 3) k M/cm2 *; 4)state; 5) pearlitic; 6) ferritic; 7) the same; 8) cast; 9) heat-treat-
ed.

TABLE 6
Mechanical Properties of Magnesium-Alloy Cast Iron
(Standard of the German Federal Repu) lic DIN 17006)

Mapus 1 am (epmun. o.- me- 6 (W (e -A. I"

12 t 4 ........J.2M3 5*s to 9 0C'' T1 I I I t - -646-3 4bet 60R4n 7 J0 25 20 lo- J 0 1 20,-250.To-7 *1,; 4 270 t --6 1 1 I

aepn.Tam S 35 t 2 -L, l -- O

____ -__O " 0 _ _et_ __._'= ,- ' -,--10I •'l q rrWa1'1f1#& slo 12 7/ 5-1L8 200--230

4666-0 To e 0 55 - 24-300

66.S to 0 64 j 2 2-ý4 90-440 1
*e o .3a.', 313 j o100 7o • 2-+ .2,-So j 2,,. -

1) Grade; 2) structure of the base (heat trea m ,nt); 3) (kg/mm2 ) not
less than; 4) kgm/cm2 ; 5) kg/mm ; 6) notched; 7) ferritic; 8) the same;9) ferrite-pearlitic; 10) pearlitic; 10) pear ite-feritic; 11) pearli-
tic; 12) acicular troostite; 13) hardening and tempering.
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TABLE 7

Physical Properties of Mag-
nesium-Alloy Cast IronC. " i Pis"wo

5 .otIHA a " I I SI - .4'$C

5 l Ir0"0n " r "I i* (1Q.11.8 g./ 5O-) ia

1) Properties; 2) dimension; 3 characteristics- 4) g/cm3; 5) linear
shrinkage; 6) at; 7) ; 8) eal/cm.sec.@C; 91 microohmsocm; 10)
gauss/oersted.

TABLE 8

Mechanical Properties of
Alloyed Magnesium-Baring
Cast Iron

SI ( *..a flifCTPry7Pa 2 (6 (914)

Hi qw q
3  •75--OO • --7" --I 30i--sio.' ap tce m€ xM

i 1'÷ NI. 4

cln15.l J r 34 - - O SnOYlUyC!IO 100 I o -- -- 317

1) Structure; 2) kg/mm2 ; 3) aclcular; 4) martensitic; 5) tempering at.

References: Girshovich, N.G., Sostav i svoystva chuguna (Composi-

tion and Properties of Cast Iron], in the book: Spravochnik po chugun

nomu lit'yu (Handbook on Iron Casting], 2d Edition, Moscow-Leningrad,

1960; the same, Termicheskaya obrabotka ihugannykh otlivok [Heat Treat-

ment of Iron Castings], ibid.; Kudryavtsev, I.V. and Zhukov, A.A.,

Konstruktsionnaya prochrnost' chuguna [Structural Strength of Cast iron),

in the book: Spravochnik po stroitel'nym materialam [Handbook on Struz-

tural Materials], Vol. 3, Moscow, 1959; MUhlberger, H., "Giesserei"

[Foundry], 1960, Vol. 47, No. 22, pages 614-622; Grilliat, J. and

Poirot, R., "Fonderie," 1960, No. 178, pages 449-461.

A.A. S imkin
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I''GN SIUM ALLOYS are alloys based on magnesium; they are divided

into cast and wrought. Cast details are fabricated from the casting

alloys;- pressed and rolled mill products, forgings aind stampings are

produced from the wrought alloys. The cast and wrought magxnesium alloys

are suited for use at cryogenic, normal and elevated temperatures, the

most refractory ones being usuable to 350-4000 Tables 1 and 2 present

the chemical compositions of the cast and wrought magnesium alloys.

Table 3 lists the types and compositions of LAhe magnesium alloys prod-

uced in pigs and intended for the production of structural castings and

ingots. The magnesium alloys are alloyed with aluminum, zinc, managnese,

zirconium, the rare-earth elements, thorium and other metals. A large

group of alloys has been developed on the basis of the Mg - Al - Zn sy-

stem with manganese additons. They include the widely used high-strength
alloys: the casting alloy ML5 (ab = 23 - 26 kg/mm2, 6 = 5 - 10%); the

wrought alloys MA2-1 for sheet and plate (ob = 25 - 28 kg/mm2 , 6 = 8 -

16%), MA5 for pressed products (ob = 28 - 32 kg/rm2, 6 = 4- 12%).

The high strength alloys based on the system Mg - zi - Zr of types

ML12 and ML15 are intended for casting (ob = 22 and 21 kg/mm2, .002 = 12

and 13 kg/mm2 , 5 = 5 and 3% respectively), while VM65-1 is intended for

extruded mill products and stampings (ob = 30 - 32 kg/mm2, 00.2 = 20 -

28 kg/mm2 , 6 = 8 - 12%). Castings from the alloys with zirconium have

more uniform mechanical properties than those from the alloys with alu-

minum, which are close to theproperties of the individually cast speci-

mens (alloys ML9, MLIO, ML1I, MLI2, MLI4, VWLl, VML2, MLl5). The rare-

earth metals and thorium considerably increase the strength of the mag-
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TABLE 1
Chemical Composition of Cas-t Ma6nesium Alloy.3

Ml ' 7 1 AMJ 04 1, 
Nt 

+ •- '"' 1 ''L•1" +I '-'%! - I : +' :ý- I I ". 0" ' ' '' ' : ++ f I " L

F A -4 F*IU'' "4-4 -- 43 N,,
i M ' l .il Ii' l'+,,. •t; t- l , tJI -li -... i... c --- --".I . .. - ".t -- +'-

)I lot %#TV wk--. 4't , i,'N' I ' , -.. -,
A NT Y 4 3 4., it44 -- 'F

1 % .. . . . A4TY -4 It1i . ., 4." * ; .... , .

I . AA1 94- 4 ,,.,l 'i F +. f'4 l " ",- . ; .i , :. , . 11 l .. -. F ''

. .. A.AIi ,IT3~l 46 . I .'. 3- FF:4,4 4

Spch - high purity. **Rare-.th metals. * eri~u-.,-bearin, misch-

metal (Ce > 45%, balance other rare-taarth elementz).
1) Alloy; 2) GOST or Is acifieations; 3) basic elements (%);- 4) impuri-
ties, not more than (Z); 5) other elements; 6) other impurities; 7) to-
tal impurities; 8) ISL-; 9) GOST 1 0) balance; ll).zame; 12) 1I ti2pch*;
11) AMTU i14 other; 15) VML1....

TAMLE 2

Chemical Composition of Wrought Magnesi ,n Alloys

12%; - . -- .- 4,' , , . .. . F ,,

,• -I . s ~ T ".* 44... '.. .. -,, .... ... .._ , I _ i. ... .. ., .' +' .

46.,
-... . . .. .... .4 3.......77- . 4 . 4...... 4 F . ... .... . . .. .

, •FAFF . . . . ,i - - ,l II .. ,-,, F '"--i --. F
311F -l~ AN 3 -- .r +. F "-F, • -- .. '`. . .F .... 44-. A- - -

9 444. 
*'.'

M A I,. . . . .. ...

*Cherum-bearint m *t--clReeal.
1) Alloy; 2) specification; 3) basic elbiments (%); 4) impurities, not
more than (M); 5) other elements; 6) other impurities; 7) AMTU 8)
same; 9) VM65-1; o0) VMD1; 11) VM7
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TABLE 3

Chemical Composl.tion of Magnesium Alloys in Piies

1 ..... 14,s ,,C 3 0' ,..,• " .'I -",,, ,._ 4 ,, .. . . .w,. ,
7,,Al Zn rMn ,,e 6N, o.,* ' '

7trc 1 . -- 8 -- .- 2. -I,
Mrc T , 3-. .,,- .,7 0.14 7. . .4.I .IMlr(:t- Or:,-, .7 o.-o.7 *.-,• i:;, '.'' •.w .-l I '- g

1 . ,.7 '.:....0 7 0.005 I

*pch - high purity

1) Alloy; 2) GuST or specification; 3) basic elements (%); 1) impurities,
not more thAn (%); 5) other impurities; 6) total impurities; 7) MGS ;
8) GOST ; 9) balance; 10) same; 11) pch*; 12) TU

nesium alloys at elevated temperatures. The casting magnesium alloys

with neodymium at room temperature have mechanical properties at the

level of the high strength magnesium alloys. Alloys with additions of a

mixture of the rare-earth elements (MLI1 for casting, VM17 for wrought

mill products) and of neodymium (ML9, ML10 for casting and MAll for the

wrought mill products) are suitable for long time (2 100-hour) operat-

ion with temperatures to 2500 and short time operation (2 5 houtrs) to

350,•

Magnesium alloys with high strength at thigh temperature have been

developed on the basis of the Mg-Th system - casting ML!4, VMLI ard

wrought MA13 (for sheet, pressed and stamped mill products) and VMDI

(pressed products, stampings) which can be used for long times at

300 - 3700 and for short times at 400 - 450.

Among themore harmful impurities which enter the magnesium alloys

from the charge and in the smelting process are nickel, iron, silicon

and copper, which reduce the corrosion resistance. In exceptional cases,

in the presence of neodymium and mangarnse a small addition of nickel

(to 0.25%) i: made to increase the high-temperature strength (alloy

KAn).
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The aluminum impurity content is also limited. In the ma;nesium al-

loys with zirconium since zirconium does not dissolve in liquid magnen-

ium in the presence of small quantities of this element, forming with

it a high-irelting compound which is insoluble in magnesium. The zulu-

bility of zirconium in magnesium is also reduced by the presence of

iron, silicon, manganese and hydrogen. In the alloys based on the Mg-Th

system the content of the impurities of the rare-earth elements is lim-

ited since they reduce the creep resistance.

Beryllium and calcium are usually present in magnesium in very

slight quantities (Be < 0,00011, Ca - 0,0015%). As alloying elements,

calcium (to 0.5%) is introduced into certain alloys (ML7-i, MA9) to in-

crease the high-temperature strength, and beryllium is introduced (to

0.05%) into the alloys used for casing for nuclear fuel in order to im-.

prove the oxidation resistance. They are also used as process additives

to reduce the oxidation of the alloys in the molten condition, in this

case tne content is limited. Beryllium coarsens the grain and can there-

fore cause reduction of the mechanical and technological properties

with a content of more than 0.002% in the casting alloys and more than

0.02% in the wrought alloys. Up to 0.1% Ca is sometimes introduced in-

to the type ML5 alloys to reduce the microporosity, since Ca increases

the solubility of hydrogen in solid magnesium.

The magnesium alloys are the lightest structural metallic material.

Depending on the compostion, their specific weight is in the range of

1.76-2.0 g/cm3 , approximately 4 times less than steel and 1.5 times

less than aluminum and its alloys. The use of the magnesium alloys per-

mits weight reduction and a considerable increase of the stiffness of

structures. The relative stiffness in bending of/ I-beams of equal weight

and the same width for steel is equal to 1, foraluminum 8.9, and for

magnesium 18.9. In specific strength at room temperature, the casting
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magnesium alloys exceed the aluminum casting alloys, the' high strength

irons and certain grades of steels. The comparative properties of magn-

esium alloys, aluminum alloys, s'teels and iron are prezented in tables

4-10.

With regard to specific static strength, the magnesium alloys are

somewhat inferior to the aluminum alloys. For example, rods extruded

from the MA2 alloy and the D16AT aluminum alloy have specific static

strengths under identical test conditions of 0.67 and 0.78 respectively.

With respect to sensitivity to concentrated stresses in static tensile

test of smooth and notched specimens, the magnesium alloys hard..y differ

from the aluminum alloys. For both, the notch effect coefficient

(o/ b) is in the range of 0.92-1.2. With respect to sensitivity to con-

centration of vibratory stresses, the magnesium alloys have considerable

advantage over the aluminum alloys. For the same test conditions the

notch :.Jfect factor for the magnesium alloys (cnl/ 1 ) is from 0.67 to

0.83, while for the aluminum alloys it is from 0.54 to O. 59.

TABLE 4

Comparative Mechanical Properties of Magnesium Alloys with Steel, Iron

and Aluminum Alloys

CMas 2 apps 13 roC.T 1 4 Hw3 mmy 5 Snýmms
.,-n.'IA .1a TY 146p wxara I ".•t•r,( .1a f(K0..10) - ,

20 ll l C CN.IId 40
I I) rya....... ......... H I AMTY 22,*,,.,e r SO 7..9t 6.9

L 16 294-58 I aeo. i ,1 .e avUbm
14 Cum . ... ....... 35xIt•J• YOCT 1To me A7I epu'l. s0 7.6 10.2

.7832-55 . : I I 6paor"fi

19 A Uo,.x ,,-, . . 2o l jI <OCT * ,, Tep,,,, npa- 23 2.6 4.2

20A.119 a . I T To ow T S) 34 2.1 12.2
21 Marnmenwe ..... ... 2 2XIJ5 16 rocT I Tep,,n o•pa-

2356-62 • 181 s 6 na (T4) 23 l.6 12.1
,nepopunp pyelnue C€ifainm 41

23 CTNAS ...... . ... 1.0 3. 6rO'T 2 4 .INTUM opo•m.13? - 36 7.5 4.9
26 9 t4-S6) "NW

3OXMA I 4rOCT 2 7lp)1"mn Ttpuuq. olepa- PS 7. o2.:
4543-46 216myain"We

26 Aaji01ufuele . . . 29•IS 6 roCT I 3 0 Inr jpalw". 0 43.1 2.6" Is.$
49,7-52 (nlaxormam 3 ?

32 995 16rOCT .itlpyinu l 9, 2E.5 I5.
4713-40 i(1peccum.) N ;.ICU,. 54 2. 1 0.3

3 kMIrne.,w a ..... MA2-1 36rTY 2 4 .l7 N iTW fl)noWt *V. 27 2.6 Is

J2N65_1 JAI 'VXT 2 711PYOmu IfCPI)Ccra. 2 .6 7.

1) Alloy; 2) alloy type; 3) 2 GOST or TU; 3 4) form of mill product; 5) ma-
terial condition; 6) (kg/mm ); 7) (g/cm ); 8) specific strength; 9) ir-
on; 10) MN; 11) AMTU; 12) cast in earth; 13) annealed after castings;
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14) steel; 15) 35KhGSL; 16) GOST; 17) sxne; 18) heat treatment; 19) a-
luminum; 20) AT, ; 21) magnesium; 22) ML ; 23) steel; 24) sheet; 25)
normalized: 26) ZOKhMA; 27) rods; 28) aluminum; 29) D ; 30) sheet
(clad); 31S quenched and naturally aged; 32) V ; 33) rods (extruded);
34) quenched and artifically aged4 35) magnesium; 36) STU; 37) annealed;
38) VM ; 39) ar'tificially aged; 40) cast alloys; 41) wrought alloys

TABLE 5

Comparative Specific Strength o-) of High Strength Magnesium and Alum-
inum Alloys at Elevated Temperatres

C001 250" 300O" 35(11 4 0,,"

( . eL64 , u. 1 3 Y14 .AM*i! x ,,,a e r, ) ¢ ,,i t

21 .6t 14 17.1 103,
A.1onww , '•iA, lw l 19 -F5 -: -AI 20 |7,1 14t 5.3 0 3.5

S328.J 1,9M~l 2 A.6 8 It 14, 7.1855-

7 Axameximmequl 01•13,2 to 2 8 1 17 . t 3.9 '

l)Alloy; 2) alloy type; 3) (kg/mm2 ); 4) cast alloys; 5) magnesium; 6)
VML ; 7) aluminum; 8) AL ; 9) VAL ; 1)/ *run6hL alloys; 11) VM)D ;

TABLE 6

Comparative Specific Long-Time Strtength and Creep (in 100 hours) of
High Temperature Magnesium and Aluminum Alloys

250, 300 3 250, - 0) 30

1 11 - C . 3 .;3.

4 A xil en•b its npo Iocb 5 1UotayieC?b
,1M•relue cn.amD .3Imw"Afe c('lasd

* Maruesuf 7. U.11 :5 -1 " 3, 6 12: 5 1.5 1 3.7 2.o 1.6 1.0
I Asauu o.esw -A.1 o 2:-, 3.5 3 1 . -. .

I O D A J II - - 9 .0 3 ,2 1 4 ,5 t. 61 V I
11 e4eopaxpyem0e cn~laam It .IP0vpmKpyeuue cni.aa

8AaImIalseal• 113,420 121.5 2 1 ,2 S: . 2.3 2,15 O, :

i) Alloy; 2) alloy type; 3) (kg/mm=) 4) long time strength; casting
alloys; 5) creep; casting alloys; 6) magnesium; 7) ML ; 8) aluminum;
9) AL ; 10) VAL ; 11) wrought alloys; 12) VMD ; 13) D
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TABLE 7
Comparative Specific Fatigue Struength (hLdurance) of the Magnesiur and
Aluminum Alloys at Room Temperat re (bending test of rotating specimen
with ntumber of cycles N = 2-5.10)

t 3

*Njor"nemme M5U15 I1U1 Cl0 ah
i .12 7.5 '1.3• 1t.g 4.2
51M.315 9 4 '.42 1,..1 9 49

U A.1 4WHWSWuNPA A]I 1 7 U ;.Zu 2.

10lc n i a P mi

S A.,IuwMNNN I~e * 1 |, i .. .
126IIT 24.,! i.27 ".S 5 *'I Ii'), I. sh.2' 2.8f, A %.

* ,M*l~INUiSM 54| A2 I f l, n.. t5 55 g .
MMan-I wee0,4' I..1 5.N

11• U 65-I 1 47 I l ,3

1) Alloy; 2) alloy type; 3) (kg/mm2 ); 4) (g/cm3 ); 5) cast alloys; 6)

magnesium; 7) I ; 8 aluminum 9) AL ; 10) wrought alloys (extruded
semimanufactures); ii4 D ; 12) V ; 13) VM

TABLE 8
Modalus of E2asticity of Magnesium Alloys in Comparison with Aluminum
Alloys and Steel

, Cii.,3 2.. . *I, 1,V

5 A.1is'Huauteh 7'',,- 72'*, .* i - .5
6 C .* . ... 20' 406r- •. .I !2 7 .

1) Alloy; 2) (kg/,m2); 3) (g/cm3 ); 4) magnesium; 5) alumi=nu; 6) steel

TABLE 9
Relationships of Yield and Ultimate Strengths of Magnesium and Aluminum
Alloys at Room Temperature

C OCTUfIHSC X AI

3 I - 1 - # 4 7Pm p y e m e

5Xaruumsea 5.1-T 9 123 0,39 3 Marnwobue XA2- 11 :6 u
7l, l ., , 1,2 I flt465 I Is IuA) zo, O

'4 5115-TI I 2 .2 ~ Ai~Mu5~I.IT ~ .. .i
Aim~unneame -ý AJ1 I 24 0751 9T 35 so1 0,7

AJ 19-T5 22 12i 4 0.6is

21) Alloy; 2) alloy tye and conditon; 3) (kg/mm ); 4) cast alloys; 5)
ma nesium; 6) ML 71 aluminum; 8)AL ; 9) wrought alloys; 10 V14 ;

ll D 12) V23
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TABLE 10
Relationships of Yield and Ultimate Strengths of Magnesium and Aluminum
Alloys at Elevated Temperatures

3 TruftI..÷ yps wiluastN (VC)

I~ 20 300 u
(4fi At ....

I $ 3 ~fild ¢.11l 0g • •

a .. . ,105 t 0.2 0 S 14:. CS4

i2 Ie*'~pmupyeuue ecniaaiarsu e........I MdAlI 1 . . 1 to .
j1.1lU.•I 2 I0 IS 0,66 10.5 13 0.60 4 II 0, 2

9AIaMUNeaWe . . . 14 02:• ,2 . 6 O . 5 , S 12 0.| 5 0.7

DAM•Is 2 0 0.88 1 (.) 15 a0 oa -

1) Alloy; 2) type; 3) test terper.cure (". )(k/m) ) ata.
lays ;6)magnesium; 7) ML , 8) V'• ; 9) aluminum; 10) AL ; 11) VAtL].2) wrought alloys; 13) VMD ; 14) D

The magnesium alloys have good damping capability A favorable

property of the magnesium alloys is the hghspecific thermal capacity.

SThe surface temperature of a detail made frcom the magnesium alloys,

for the same quantity of absorbed heat, will be half that of the sur-

face temperature of a detail made from low-carbon steel and 15-20) low-

er thian that of a detail made from aluminum alloy.
Th s;........ £hine easily, twice as fast as aluminum and

ten times faster than the carbon steeh., However, in working with the

magnesium alloys it is necessary to observe the rules for fire preven-

tion safety. A drawback of the magnesium alloys is the lower corrosion

resistance in comparison with the aluminum alloys (see Corrosion of Ma-

gnesium Alloys). With sutable chemical and pbent protection, the struc-

tures made from the magnesium alloys can Operate reliably under atmos-

pheric conditions, in alkaline media, mineral oils, kerosene and gaSo-

line (see Anodizing of Magnesium Alloys, Oxidizing of Magnesium Alloys,

Palint/Lacquer Coatings for the Magnesium Alloys). The magnesium alloys
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are not acceptable for operation in direct contact with sea water, in

salt solutions, in acids and acidic vapors. Contact corrosion is pob-

sible with combinations of details made from magnesium alloys with de-

tails made from other metals and alloys, therefore, it is necessary to

make use of the recommended methods for prevention of contact. Arong

the deficiencies of the magnesium alloys we mus; also include the hig!h

coefficient of expansion, which is higher by 10-15% than for the alumi-

num alloys. Characteristic of tne wrought mill products made from the

magnesium alloys is some anisotropy of the mechanical properties which

must be taken into account in design (see Wrought Magnesium Alloys).

As a result of the great affinity for oxygen and nitrogen, in the

melting of magnesium and its alloys in an air atmosphere the surface of

the molten metal is protected by a layer of flux. As fluxes, use is

made of various mixtures of the fluoride and chloride slats of the al-

kaline and alkaline-earth metals. In order to avoid combustion of the

metal during casting, protective additives are introduced into the con-

postition of the molding loam (see Cast Magnesium Alloys).

During pressure working, account is taken of the large variation

of the pla"ticity ýf the magnesium alloys with temperature. At room tem-

perature magnesium and its alloys have low plasticity, which is explain-

ed by the hexagonal structure of ne crystal 'Lattice in which slippage

takes place only along one base plane. At temperatures above 200-2250

slippage is also possible along other planes (planes of the pyramid of

first kind of first order), which is accompanied by a sharp increase of

the metal plasticity. Therefore, all forms of pressure working of the

magnesium alloys, including rolling of sheet and sheet stamping, is per-

formed in the hot condition.

For Joining details use is made of various forms of welding, as

well as riveting, brazing and soldering, bonding. Welding is also uzed
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Sto correct d~fects of cast details. Welding of the magnesium alloys is

associated with certain difficulties as a result of the hi,2gh affinity

for oxygen, the formation of oxides, slags, and the ten1ency to hot

shortness. The high coefficient of linear expansion and higb tnermal

capacity lead to the warping of welded structures. For these reasons

gas welding is possible only for certain low-alloy alloys (MAI). Arc

"welding in a medium of inert gases can be widely used for the magnesium

alloys. Cnly the alloys with high zinc content (VM65-1, 24L12) are not

amenable to welding. The remaining alloys are welded satisfactorily

with both argon-arc and spot and resistance welding.

In view of the release of dangerous gases (fluorine, chlorine, sul-

"fur dioxide), the melting and casting of the magnesium alloys is per-

formed with local ventilation of the working areas and general ventila-

tion of the smelting shop. In working with the magnesium-thorium alloys,

in addition to the general rules for industrial safety, special rules

are observed as a result of the presence of radioactive thoeium in the

alloys. Mold and blank casting is performed in separate specially equi-

pped areas. All theoperations of working the magnesium-thorium alloys

which are associated with the formation of dust, aerosols and gaseous

products are performed either in individual areas or on equipment hav-

ing special covering and local exhaust ventilation.

The magnesium alloys are widely used in the automobile and tractor

industries, in the production of engine crankcases, oil sumps, trans-

mission cases, wheel discs and other details; they are used inelectrical

engineering and radio engineering for instrument cases, televeision

chassis, details of electric motors; they are used in the optical indu-

stry forbinocular cases, camera cases; in the textile industry for the

production of bobbins, spools, coils, etc.; in the polygraphic industry

for matricec, - ngraving plates, rollers and otherdetails; in ship con-
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struction (for protectors), in aviation and rocket design, and in many

otherareas of the national economy.

Reference: see articles Wrou6ht Magnesium Alloys, Cast Magnesium

Alloys.

N.M. Tikhova, A.A. Kazahov
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MAGNESIUM BARS- semifinished products with zimple crozs-cectional

shapes (round, square, hexagonal) produced by hot preszing. Bars press-

ed from MAl, MA2, MA3, MA5 and MA8 alloys conform t. AMJ227-49, those

pressed from vM65-l alloy conform to AMTU288-5r, and ttose pressed from

other alloys are produced in accordance with -,pecial TU. Bars of MA3

alloy are supplied in the annealed state, those of MA5 alloy are sup-

plied in the quenched state, those of VM65-1 alloy are artificially

aged, those of MA1O and MAll alloys are quenched and artificially aged,

and those of other alloys are hot-pressed without heat treatment. The

variety of magnesium bars and their tolerances with respect to diameter, .

length, curvature, and degree of ovalness are set by GOST 7857-55, as

are those for aluminum-alloy bars. Magnesium bars are produced in diat-

eters of 5-300 mm. The permissible deviations in diameter are set by

the 7th and 8th precisioa classes-fr bars 5-10 mm in diameter by the

7th, 8th, and 9th precision classes, for bars 10.5-80 mm in diameter,

b' the 8th and 9th precision classesfbr bars 85-120 mm in diameter, and

by the 9th precision class for bars 130-300 mm in diameter. Such bars

are fabricated in: a) measured'and short lengths as ordered, with a

permissible deviation of +10 mm; b)"nonstandard lengths: 1-6 mm for

bars 5-100 mm in diameter, 1-5 m for'bars 10-50 mm in diameter, 0.5-4 m

for bars 50-150 mm in diameter, and 0-.5-3 m for bars more than 150 mm

in diameter. The permissible local curvature per running meter of

length is 3 mm for bars up to 100 mm in diameter and 6 mm for bars more

than 100 mm in diameter. Bars are supplied with oxidized surfaces,

being preserved and packed as.indicated.in ANTU 227-49.
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References: See article entitled Magnezia, shaping alloyi.

A.A. Kazakov
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MAGNESIUM FORGINGS - see Magnesiun Stampings and Forginrs.

I
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MAGNESIUM PANELS - semifinished products in the form of thin-

walled plates and strips with stiffening ribs; they are intended for

monolithic structural elements. Magnesium panels can be fabricated by

the following methods: milling of pressed strips or rolled plates,

stamping from plates or strips in powerful vertical hydraulic presses,

pressing from ingots in horizontal hydraulic presses, and rolling be-

tween plates with grooves for formation of the stiffening elements.

Pressed strips of MAl, MA2, MA2-1, MA8, and VM65-1 alloys are sup-

plied with cross-sectional areas of up to 130 cm2 , in accordance with

AMTU478-61. The tolerances for strip thickness and width are taken as

twice those given by AMTU-258, being equivalent to those for shapes of

normal precision. Strips of large cross-section or of other types of

alloys are supplied in accordance with special TU. Strips of VM65-1 al-

loy are delivered in the artificially aged state, while those of other

types of alloys are hot-pressed without heat treatment. Rolled plates

of MA8 and MA2-1 alloys for plates are produced in accordance with

AMTU474-61. Such plates are supplied in thicknesses of from 12 to 20 mm

with a tolerance of ±0,5 mnm, in thicknesses of 22 and 25 mm with a tol-

erance of ±0.75 mm, and in thicknesses of 27 and 30 mm with a tolerance

of +1 mm. The standard plate widths are 500, 600, 800, and 1000 mDm. D-

pending on their thickness and width, plates are supplied in lengths of

2000, 2500, and 3000 mwm; the tolerance for plate width is +15 mmi, while

that for plate length is ±30 mm. Plates are delivered in the hot-rolled

state, without heat treatment. Plates of other sizes and of other types

of alloys are produced in accordance with special TU. Strips and plates
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are subjected to surface oxidation, preserved, and packed in accordance

with AmTU478-61 and AMTU147-6l. Prebsed and stamped panels are manufac-

tured in accordance with special TU and specifications agreed to by the

producing plant.

References: See the article entitled Magnesium shaping alloys.

A.A. Kazakov
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MAGNESIUM PIPES- are made from the MA8 and MA2-1 alloys (AMTU

299-61) by hc* extrusion with subsequent sizing. The pipe dimensions on

the basis of the outside diameter are 16-38 mm (all even dimensions),

as well as 25 and 35 mm. The permissible deviation for the outside di-

ameter comprise: +0.2 mm for pipes 16-28 mm in diameter and +0.25 mm

for pipes 30-38 mm in diameter. Magnesium pipes are made with wall

thickness of 1.2, 2.0 and 2.5 mm with permissible deviations of +0.25,

+0.4 and +0.45, respectively. Magnesium pipes of other dimensions are

made in accordance with special technical specifications. Exampl of

designating a pipe with an outside diameter of 20 mm, wall thickness 2

mmr and length of 3000 mm from the MA8 alloy - pipe 20 x 2 x 3000 MA8.

Magnesium pipes are supplied in the annealed and hot extruded states.

The pipe surfa•ca cure subjected to oxidation; preservation, packing and

transporting are performed in accordance with AMTU 299-61. For the use

of magnesium pipes see Magnesium Alloys.

A.A. Kazakov

Manu -
script (Transliterated Symbols]
Page
No.

2383 AMTY = AMTU - aviatsionnyye metallurgicheskiye tekhnicheskiye
usloviya - Aviation Metallurgical Technical
Specifications
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MACNE=IU4. SHAPES- semifinished products with various cross-sec-

tional configurations (angles, T-beams, channels, etc.).and a large

length-to-cross-section ratio. Magnesium shapes are manufactured by

hot pressing in hydraulic presses. Pressed shapes of MAl and MA8 al-

loys in the annealed state are produced in accordance with AMTU286-49,

from VM65-1 alloy in the artificially aged state in accordance with

AMTU289-50, and from other alloys in accordance with special TU. The

variety of shapes and permissible size deviations should correspond to

the norms set by AN-1089 and to the specifications agreed upon by the

consumer and producer. Shapes of measured length are manufactured with

longitudinal tolerances of +20 mm. The permissible waviness (local warp-

ing of the flange from true planularity) is no more than 1 mm per 2 run-

nLng meters. A gap of ±1 mm between the flange and a straight edge

placed against it is permissible in the transverse direction. The warp-

ing of the shape about its longitudinal axis should not exceed 3* per

running meter. Shapes are subjected to surface oxidation, preserved,

and packed in the manner indicated in AMTU289-50.

A.A. Kasakov
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MAGNESIUM SHEET is produced by rolling a flat ingot, a forged

slab or a pressed bar on smooth cylindrical rollers. Sheets made from

the MAIand MA8 alloys are produced in accordance with the requirements

of AMTU 228-61, sheets made from the MA2-1 and MA9 alloys and from the

high-temperature MAll and MA13 alloys are produced in accordance with

special Specifications. Sheets are delivered in the anrcaled condition

from the alloys MAl, MAL-! and MA9; MA8 sheets annealed (designation

MA8M) and in the half-strain-hardened condition (designation MA8N); in

the heat-treated state (designations MAll-T6 and MAl3-T8) from the MAll

and MA13 alloys 'see Wrought Magnesium Alloys). The sheet dimensions

are: thickness 0.6-1;2 mm with intervals of 0.2 rmm, with tolerance from

-8 to -20% of t~he thickness; 1.5-4.0 mm with intervals of 0.5 mm with

tolerance from -6 to -17% of the thickness; 5-10 mm with intervals of 1

mm with tolerance from -4 to -9% of the thickness; width: 500, 1000,

1200, 1500 and 2000 mm, length: 1000, 1500, 2000, 2500, 3000 and 5000

mm.

The tolerances on the sheet thickness are established as a func-

tion of the width and thickness of the sheet. The permissible toler-

ances are: $10.mm in width, ± 15 mm in length. Sheets which are longer

and wider than those indicated, and also with smaller tolerances on

thickness, can be produced in accordance with a special agreement with

the producing plant. The quality of the flatness of the sheets is es-

tablished as-a function of their dimensions. When placed freely on a

surface plate the gap between each side of the sheet and the surface

must not exceed the following values:
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1) Sheet thickness (mm). 2) sheet width (mm); 3) sheet
length (mm); 14) gap or each side of sheet when placed
freely on surface plate; 5) over entire sheet surface,
Including the long sides (mmn, not more than); 6) along
the short sides, including the long sides to 300 r'

the cornersi km, not more than); 7) to 2 inclusive;
8) to 1500 inclusive; 9) to 5000 Inclusive; 10) more
than 2.

Dlivery or sheets with higher flatness tolerance Is performed in

accordance with special agreement with the producing plant.Sheets are

delivered with oxidizednsurface protected In accordance with the re-

quirem~ents of AMTU 228-61-.

A.A. Kazakov
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MAGNETIC DTECTOSCOPE is an apparatus for detecting surface and

subsurface disccntinulties of steel products by the magnv.ic powder

method (see Magnetic Defectoscopy). The basic elements of -he magnetic

defectoscope are the devices for magnetization, for applica Ion of the

magnetic suspension, and for demagnetization of the parts being inspec-

ted. All the devices are mounted in a single apparatus, but in some

cases are fabricated in the form of individual units. The modern vers-

ions of the magnetic defectoscope are equipped with ultraviolet lamps

and the shading shutters required for magnetic luminescent defectoscopy

(figure). Depending on purpose, thw magnetic defectoscopes are divided

into universal and specialized, while in construction they may be sta-

tionary or portable.

Universal magnetic defectoscope UMDE-2500 with electronic control.

The size of the magnetic defectoscope is determined by the dimensions

of the parts being inspected, thus, for example, the length of some

magnetic defectoscopes reaches 5-10 meters. The magnetizing device of
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the magnetic defectoscope provides for longitudinal, circular and com-

bined magnetization. Circular magnetization is accomplished by passing

through the part, and for hollow parts through a rod placed inside, a

! high intensity current (up to several thousand amps) from a source of

low (up to 36 volts) voltage (step-down tranrformer, storage battery,

etc.). For longtudinal magnetization use is made of electromagnets or

solenoids in the magnetic defectoscope. Combined magnetization is ac-

complished by simultaneous action on the part being inspected of two or

three mutually-perpendicular alternating magnetic fields shifted in

phase by 90 or 60 degrees. Sometimes a constant field is used in place

of one of the alternating fields. The magnetic powder is applied by im-

mersion of -he magnetized part in a bath with the suspension, sometimes

the suspension is poured over the part from a hose; a mixing device is

provided in the magnetic defectoscope to prevent settling of the mag-

netic powder on the bottom of the bath. Demagnetization of the part

which has been inspected is most often done by passing the part through

a solenoid. Large parts are demagnetized with the aid of the magnetiz-

ing device by smooth reduction of the supply current from the maximal

value to zero. Most efficient are the magnetic defeetoscopes of the

universal type: UMDE-10,00O (for inspection of large and medium sized

parts) and UMDE-2500 (for inspection of parts of small and medium size).

These magnetic defectoscopes are equipped with electronic control to

provide smooth regulation of the magnetizing current and also complete

stability of the residual magnetization of the parts being inspected.

S.M. Rozhdestvenskiy
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MAGNETIC DEFDCTOSCOPY. This technique Is used for the detection of

discontinuities (cracks, nonmagnetic inclusions and other defects) in

the surface layers of parts made from the ferromagnetic materials and

the ietection of ferromagnetic inclusions in parts made from the non-

ferromagnetic materials, for monitoring the thickness of nonmagnetic

coatings on parts made from the ferromagnetic materials and the wall

thickness of thin-wall parts, and also for monitoring the quality of

the thermal or chemico-thermal treatment of metal parts. For the detec-

tion of discontinuities of the material of ferromagnetic (primarily

steel) parts, use is made of the methods based on the study of the stray

magnetic fields about these parts after they are magnetized. At the

locations of discontinuities there takes place a redistribution of the

magnetic flux and a sharp variation of the nature of the stray magnetic

field. The nature of the stray magnetic field is determined by the size

and shape of the defect, its depth below the surface, and also by its

orientation relative to the direction of the magnetic flux. Surface de-

fects of the type of cracks oriented perpendicular to the magnetic flux

cause the appearance of the most sharply defined stray magnetic fields;J
defects orientei along the magnetic flux cause very little stray mag-

netic field.

The most wide widely used method of magnetic defectosco y is that

of magnetic powder. In this method a magnetic powder is sprinkled over

the part (dry method) or a magnetic suspension is poured over the part

(wet method). The powder particles enter the stray magnetic •ield zone

and deposit on the surface of the part near the location of the defects.
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The width of the strip on which the powder is deposited is condiderably

greater than the width of the defect ."opening," therefore, previously

invisible defects are located even with the unaided eye from the powder

deposited near them. The magnetic powder method is very simple and

makes it possible to determine the location and the contours of mater-

1ial disccntinuities located on the surface of the parts and also at

depths of up to 2-3 mm below the surface. The magnetization of the parts,

their treatment with the powder (more often with suspension) and also

the subsequent demagnetization are performed with the aid of magnetic

defectoscopes. When differing orientation of the defects is possible

in the parts being inspected, it is necessary to make a dual inspection

with longitudinal and circular magnetization. Magnetic powder inspection

with the use of combined magnetization is more productive.

. Circular magnetization -is basic for mgnetic defectoscopy, longi-

tudinal magnetization t. uded only in those cases when there are as-

sumed to be strictly transverse defects in the part being inspected or

when the use of circular magnetization is difficult or is associated

with damage to the part (for example, because of dangerous overheating

of the part at the points of contact with the electrodes of the defect-

oscope). The sensitivity of the magnetic powder method depends sisnif-

icantly on the degree of magnetization of the part during the time of

treatment with the magnetic suspension (or powder). In the majority of

the cases, for the conduct of the magnetic inspection the residual mag-

netization of the material of the parts being inspected after their

magnetfzation in suitable magnetic fields is sufficient. However, in

the inspection of parts made from materials with low coercive force

(low-carbon steel or steel in the annealed condition) the residual mag-,

netization may be insufficient even if the magnetization was performed

in magnetic fields close to saturation. In these cases the treatment of
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the parts with the suspension or powder must be performed during the

time of action on the part of a magnetic field required to create the

necessary magnetization of the material. This form of inspection, in

contrast with inspection using residual magnetization, is termed inspec-

tion in an applied magnetic field. Detectability of defects also depends

on their geometric parameters. Defects having greater depth, higher

ratio of depth to width and located closer to the surface are detected

more easily. The magnetization conditions are selected so that in each

particular case clear-cut detection is provided of those material de-

fects which are hazardous for operation of the part and the def'rts

which are nonhazardous for the given part are not detected. Thus, for

the inspection of highly loaded parts which have undergone surface fin-

ishing treatment a magnetization field of about 100 oe is created on

the surface when using residual magnetization and about 10 oe when in-

specting in the applied field. In this case detection is provided of

defects with a height of more than 0.05 mm which extend to the surface

and detection provided for about half the defects of the same height

located at a depth of up to 0.5 mm. For detecting small defects (hair-

line cracks, grinding cracks, etc.) use is made of the so-called "high

intensity" regime in which magnetic fields of about 180 and 60 oe re-

spectively are created on the surface of the part. In control in the

"low intensity" regime, use is usually made of the residual magnetiza-

tion after magnetization in a field on the surface of the part of about

60 oe; in this case detection is provided for cracks extending to the

surface, hairline cracks extending into the depth of the metal and a

portion of the smaller surface and subsurface defects. The nature of

the defect is Judged on the basis of the deposition of the magnetic

powder. Thus, quenching, forging and other cracks cause a dense deposi-

tion of powder in the form of sharp broken lines. Flakes show up in the
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form of individual curved figures arranged individually or in groups,

in this case the. layer of deposited powder is also quiti dense. Hair-

line cracks are dectected from deoosition of powder in the form of

straight or slightly curved (along the fiber) thin traces, in this case

the intensity of the powder deposition is less than in the case of cracks.

Figures 1 and 2 show powder deposition on certain characteristic defects

and microphotographs of the cross sections of these defects.

To improve the powder visibility, it is colored to contrast with

the color of the parts being inspected. Along with the usual reddish

brown and dark gray powders used in the inspection of parts with a ligt

surface, use is made of light gray, yellow or green powders for the in-

spection of parts having a dark surface. Defects show up considerably

brighter with the use of magnetic powders whose particles are covered

with a layer of a luminophore (see Magnetic Luminescent Defectoscopy).

The magnetic powder method of magnetic defectoscopy is used not

only in the process of the production of parts, but also during their

operation, for example, for the detection of cracks of fatigue origin.

Portable defectoscopes permit the use of the magnetic powder method for

the inspection of parts, components and assemlies without disassembling

them.

Fig. 1. a) Powder deposition on quenching cracks; b) cross section of

one of the quenching cracks. Magnified 100 times.
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Fig. 2. a) Powder deposition on a hairline crack; b) cross section of
hairline crack. Magnified 120 times.

A very promising method of magnetic defectoscopy is that based on

the use of stray field ferro-probe indicators (see Ferro-Probe Method

of Defectoscopy).

In the inspection of tubing weld quality, wide use is made of the

magnetographic method of defectoscopy.

The magnetic defectoscopy methods used for monitoring the quality

of heat treatment, and sometimes also for sorting of metal by grade,

are based on connection between some magnetic characteristic and the

structural-mechanical properties or the chemical composition of the mat-

erial of the parts being inspected; this group of methods is known under

the name structurescopic. Most often, in magnetic structurescopy use is

made of the following magnetic characteristics: the coercive force (Hc)

the residual induction (Br), the saturation magnetization (Imax), the

maximal magnetic permeability (Urax). In this connection the magnetic

structurescopic methods are divided into ferrometric (measurement of

Imax), permeametric (measurement of 4max), coercimetric (measurement of

He), remanancescopic (measurement of Br).

An important advantage of the widely used coercimetric methods is

that the accuracy of measurement of the coercive force is prac:tically

independent of the shape and dimensions of the parts being inspected.

In the coercimetric instruments (coercimeters) the part being inspected

is magnetized to technical saturation, after which it is subjected to
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the action of a gradually increasing magnetic field of opposite sense;

in this case a determination is made of the magnitude of the magnetic

field (or the current feeding the demagnetizing device) at which the

magnetization of thepart becomes equal to zero. In the remananescopic

instruments an evaluation is usually made of the magnitude of the ap-

parent residual induction. This is-accomplished either by the ballistic

method - rapid passage of the part through a coil connected with a mea-

suring instrument, or by the magnetometric method - measurement of the

intensity of the magneitc field created by the part being inspected at

a definite distance from this part. Wide usage has been made of very

simple permeametric instruments in which the sensor 4s a system consis-

ting of primary and secondary coils located either on the part being

inspected or on a r-shaped coil core whose ends are closed by the part.

Usually commercial frequency current is passed through the primary coil

and a measuring instrument is connected in the secondary coil circuit.

To improve the resolving capability of the permeametric method, use is

made of various compensati n circuits which permit the use of measuring

equipment of greater sensi ivity.

The ferrometric metho s of magnetic structurescopy, used for the

determination of the amoun of the ferromagnetic phase in steel, are

based on the measurement o the saturation magnetization; the measure-

ment accuracy is higher the closer to magnetic saturation the magnetiz-

ation of the parts in the inspection process. Only with ccmplete satur-

ation is there a 3ne-to-on• relationship between the magnetization in-

tensity and the amount of •he ferromagnetic phase. Other Interfering

factors also have an effect on the intensity of the material magnetiz-

ation in smaller magnetic fields (for example, the particle shape and

the nature of the distribution of the ferromagnetic field phase). In

practice, use is normally made of inspection in weaker fields; in many
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cases quite simple permeametric instruments are used for the purpose of

ferromet ry.

One of the important applications of magnetic defectoscopy is the

measurement of the thickness of coatings by magnetic methods. These

methods are used in those cases when the materials of the base and the

coating differ sharply in their magnetic properties. They are used, for

example, for the measurement of nonmagnetic metal, nonmetal, and also

weakly magnetic (nickel) coatings on steel parts. Two groups of magne-

tic thickness meters are in common use. The instruments of the first

group meters are based cn the meazuramenL of the force of attraction of

a permanent magnet or of the core of an electromagnet to the part being

inspected. This force diminishes with increase of the thickness of the

layer of nonmagnetic (or weakly magnetic) coating. The force of attrac-

tion is usually determined from the force required toseparate the mag-

net (or the core of the electromagnet) from the part being inspected,

therefore, the instruments included in this group are termed "separating"

instruments. The instruments of the second group determine the resis-

tance of the magnetic circuit composed of the portion of the part being

inspected and the core of the electromagnet (or permanent magnet). The

magnitude of this resistance depends on the thickness of the coating;

the thicker the coating, which fgrms a nonmagnetic or weakly magnetic

gap between the sensor core and the part being checked, the higher the

circuit resistance.

One of the instruments of the "separating" type is the MT2-54

thickness meter, which is a force-measuring mechanism which determines

the magnitude of the force of attraction of a permanent magnet to the

part being checked. The instrument permits makeing measurements in the

range from 0 to 600 microns with an error not exceeding 5% of the meas-

ured thickness. The operation of the other magnetic thickness meter MT-
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-DA3 i& based on the measurement of the force of attraction of the mov-

able core of an electromagnet to the part being inspected. The thick.

ness of the coating is determined from the indication of a galvanometer

connected in the solenoid circuit at the moment of separation of the

core; the galvanometer scale is calibrated in microns. If as a result

of the action of interfering factors the instrument indication on an

uncoated part is not equal to zero, then it is necessary to make use of

a conversion graph with sliding rule similar to the graph of the MT2-54

instrument. The magnetic methods are used successfully for the measure-

ment of the wall thickness of parts made from the ferromagnetic materi-

als. These methods are particularly effective with access to the part

from only one side. The methods used in these cases are directly or in-

directly associated with the measurement of the magnetic flux in the

controlled section of the part being inspected when it is maenetized to

technical saturation.

In the Forster instrument (FRG) the sensor is a permanent horseshoe

magnet with a measuring winding in the middle part. With contact of the

sensor with the part being checked, as a result of the reduction of the

demagnetizing field the intensity of Lhe magnetization of the magnet is

increased and in the winding circuit there appears a current pluse whose

magnitude is proportional to the part wall thickness. Ini this case a

fluxmeter is used as the measuring instrument. The range of thicknesses

which can be measured with this instrument is from 0 to 3 m. In cert-

ain magnetic thickness meters the sensor is a horseshoe electromagnet

supplied with alternating current of commercial frequency. TP.C indica-

tions of the galvanometer connected in the circuit of the secondary

(measuring) winding of the sensor depend on the wall thickness of the

part being checked. In connection with the strong influence of the skin

effect, the instruments of this type are used for checking wall thick-
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nesses not exceeding 1-1.5 mm. To increase the range of the thicknesses

measured, either the supply current frequency is reduced (which con-

uiderably complicates the instrument), or use is made of additional

magnetic biasing of the section beinr inspected with a constant magnetic

field.

The magnetic method with the use of ferro-probes is also applied

for the measurement of the wall thickness of parts made from nonferro-

magnetic materials, however in this case it is necessary to have access

to both sides of these walls.

As a result of inspection using the magnetic defectoscopic methods,

parts made from the ferromagnetic materials take on residual magnetiz-

ation, which in many cases may lead to disruption of normal operation

of the product in which the magnetized parts are located. Thus, for ex-

ample, magnetization of parts may load to increase of the deviation of

the compass in an airplane or to increased wear in friction components

as a result of the attraction of iron particles. Taerefore, after mag-

netic inspection it is necessary to perform demagnetization of the parts.

Most often, demagnetization -'s accoxplished by means of passing

the magnetized items through demagnetization chambers (solenoids) which

are fed by alternating current of commercial frequency. In cases when

it is necessary to demagnetize large parts (particularly those magnet-

ized by a constant magnetic field) use is made of a lower-frequency de-

magnetization field. In som defectoscopes (U.DE-lO,O00, for example)

the demagnetization of large parts is accomplished by means of commut-

ation cf direct current passed through the part with gradual reduction

of the current to zero.

References: Sovremennyye metody kontrolya materialov bez razrus-

heniya (Modern Methods of Nondestructive Material Inspection), collec-

tion of articles, M., 1961; Priborostroyeniye i sredstva avtomatizatsii
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kontrolya (Instrument Desgin and Mjazns for Automating Inzpecý.tion), ted.
by S.I. Freyberg, book 1, M., 1961 (ViIsITI); Detektoskopiya metalloy(Defectoscopy of Metals), collection of articles ed. by D.A. Shrayber,-
ML,o 1959.

S.M. Rozhdestvenzkiy
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MAGNETIC HYSTERESIS - dependence of a magnetized ferromagnetic ma-

terial not only on the magnitude of the magnetizing field at the given

instant, but also on the fact whether it is magnetization, demagnetiza-

tion or magnetic polarity reversal which is taking place. The curve

which expresses this dependence forms the so-called hysteresis loop

(Fig.). The magnetic field intensity Ir with H = 0 is obtained in the

process of demagnetization of a specimen which is first saturation mag-

Fig. Dependence of the magnetic field intensity I on the external field
H in magnetic hysteresis. Branch OA forms on magnetization of a demag-
netized specimen to saturation (the main magnetization curve), the up-
per branch AB forms on reduction of the external field and further re-
versal of the magnetic polarity of the specimen by an increasing field
which is opposite in direction, the lower branch BA forms on reverse
magnetic polarity reversal, A and B are saturation points.

netized (to Is), is called residual magnetization, and the magnetic

field intensity Hc, at which the magnetization in the process of magne-

tic polarity reversal becomes zero, is called the coercive force. Upon

magnetic polarity reversal of a substance with magnetic hysteresis, a

part of the magnetic field energy is converted into heat, which is pro-

portional to the area of the hysteresis loop. This phenomenon is fre-

quently harmful (for example, in transformers).

A small hysteresis loop area corresponds to magnetically soft ma-

terials, such as pure iron, iron alloyed with 0.5% Si (electrical
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steel), Permalloy-type iron-nickel alloys. A large hysteretis loop ares

is characteristic of magnetically hard materials, which are used as

permanent magnets, such as carbon, tungsten, chromium and cobalt-rteel's'

Alnico or Alni type alloys. Ferrites, which are extensively used in .

electronics and automatic equipment, have a characteristic, almost-rec-

tangular, hysteresis loop.

Magnetic hysteresis is brought about by three basic phenomena

which take place on demagnetization and magnetic polarity reversal of

the ferromagnetic mat3rial, which are: the irreversible processes of-"

rotation of the spontaneous domain magnetization vector, retardation in

the generation of magnetic polarity reversal nuclei and retardation of

interdomain boundary displacement.

A.A. Ivanov
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MAGNETIC MATERIALS WITH HIGH .AGNE.TIC SATURATION are Fe-Co alloys

with 30-50% Co which have the highest magnetic saturation 4nI (23,500

-24,000 gauss), higher than that of Fe (figure). Industrial use is made

of the alloys Permendur K50F2 (50% Co, 2% V) and Hiperco (35% Co, 0.5%

.Cr).

Magnetic saturation 4 I s of Fe-Co alloys at room temperature in a mag-

netic field H equal to 1500 and 17,000 gauss.

JOct

0 :0 go so so /W

1) 47rIs, gauss; 2) oersted; 3) Co content, %.

Both alloys also have high permeability (on the order of 1500-2000

galss/oe) in the region of high inductions. Permendur is the more wide-

ly used. Soviet industry produces it in the f;am of cold rolled sheet

of 0. 1-0.7 mm thickness. The properties of Permendur are shown in Tables

1,2.

TABLE 1

Magnetic Properties of K50F2* Alloy (forged rods, forgings)

. .. 1000 10000 2000 2

*Coercive- force for all values equal to no more than 2 gauss.
1) Magnetic field (oe); 2) induction (gauss, no less than).
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TABLE 2
Magnetic Properties of K50F2 Al'loy (cold rolled sheet)

fopU W Is aw ft.*4 0#7" a CRM(a)

pi me if iO H 14Heumu I j4c uem JIe

1) Initial permeability (gauss/oe); 2) induction in 150 oe field (gauss)
3) -coercive force (oe); 4) no less than; 5) no more than.

These alloys are used for magnetic circuit parts (where high con-

centration of the magnetic flux is required), telephone membranes, mag-

netostriction transformer cores (K5OF2), cores for small electrical

machines (K35Kh).

References: Gabrielyan D.I., Klevitskaya G. Z., Puzey I.M., Stand-

artizatsiya (Standardization), 1960, No. 10, page 48; Smolyarenko D.A.,

Kaplan A.S., ibid, 1959, No. 3, page.13; Zaymovskiy A.S., Chudnovskaya

L.A., Magnitnyye materialy (Magnetic Materials), 3wd edition, M.-L.,

1957 (Metally i splavy v elektrotekhnike) (Metals and Alloys in Elect-

rical Engineering Vol. 1); Bozort R., Ferromagnetizm (Ferromagnetism),

translated from Eng., M., 1956.

B.G. Livshits, A.A. Yudin
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MAGNETIC MATERIALS WITH HIGHPEM4EABILITY CONSTANT are materials

characterized by practically constant magnetic permeability g in the

region of weak fields and absence of losses during demagnetization from

these fields. They are used in telephony, radio and instrumentation

(cores for coils and transformers). With regard to both properties and

processing technology the best materials of this type are the magneto-

dielectrics produced by pressing of finely dispersed ferromagnetic pow-

der with an insulating resin; their magnetic permeability, amounting to

6-150 gauss/oe, is constant in fields up to several oersted.

The permeability of Permaloy (g about 2000 gauss/oe) and of trans-

former steel (p. about 800 gauss/oe) which have been subjected to cold

rolling or partial annealing is approximately constant up to fields of

0.1-0.2 oe. Alloys of the Perminvar type have constant magnetic permea-

bility to fields of 1-3 oe. Their deficiency is a sharp irreversible

change of magnetic permeability under the random influence of a magne-

tic field exceeding the region of constant magnetci permeability. Alloys

of the Isoperm type do not have this deficiency. Not all of these alloys

have found wide application, since with respect to processing technology

and in most cases with respect to properties they cannot compete with

the magnetodielectrics.

References: Rabkin L.I., Shol'ts N.N., Magnitodielektriki i fer-

rokatushki (Magnetodielectrics and Ferrocoils), M.-L., 1948; Zaymovskiy

A.S., Chudnovskaya L.A., Magnitnyye materialy (Magnetic Materials), 3rd

edition, M.-L., 1957 (Metally i splavy v elektrotekhnike, t. 1) (Metals

and Alloys in Electrical Engineering, Vol. 1); Bozort R., Ferromagne.

2L2403



II-31)41

tiaii, translated frcm Sm M., 1956.

B.G. Livshits,, A.A. Yuliri
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VCiNETIC POWDER is a powder used for detecting defects of ferrom-

aghaete 9SrtB by the method of magnetic powder defectoscopy. Widest use

is made of aagnetic powders from finely-ground mixed iron oxide (Fe 3 0,0)

of dark brown or black color. Use is also made of powders prepared from

iron cinder, magnetites, ferrites, etc. For inspection of parts having

a dark surface, use is made of light magnetic powders of yellow, red or

light gray colors. The particle size of the magnetic powders utsed to

detect surface defects is no greater than 50 microns. For deticting sub-

surface defects preference is given to the magnetic powders wv.th larger

particles of elongated acicular form.

S.M. Rozhdestvenskiy
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MAGNETIC PROPERTIE (magnetism) are the totality of the properties

which are manifested during the interaction of a material with a mag-

netic field. The most important macroscopic manifestation of the mag-

netic properties is the ability of the material to create a self-mag-

netic field.

The ability of a material to interact with an external magnetic

field depends on the magnetic properties, more exactly, on the magne-

tic monments of the free atoms or molecules of this material, which are

determined primarily by their electron structure. The magnetic moment

of an atom consists basically of the magnetic moment due to electron

spin (electron spin is the self-mechanical moment of momentum of the

electron) and of the magnetic moment due to the orbital motion of the

electron around the nucleus of the atom. The magnetic moment of the at-

omic nucleus is about a thousand times less than the magnetic moment of

the electron shell of the atom and in the consideration of the conven-

tional magnetic properties it may be neglected. Nuclear magnetism man-

ifests itself in nuclear magnetci resonance and in the superfine stru-

cture of the spectral lines.

The Magnetic moment due to the electron spin is equal to where

At,- + I) .9

s = - is the spin quantum number; gs is the so-called gyromagnetic

ratio, equal to 2 for spin; gB- is the Bohr meganeton, equal to eh/47mc

- 0.9273. 10-20 erg/gauss (e is the electron charge, m is the electron

rest mass, c is the speed of light in a vacuum, h is the Planck constant).

The projections of this moment on the direction of the external magne-
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tic field can have only two values, equal in absolute magnitude to the

Bohr magneton.

The magnetic moment due to the electron Is equal to:

where g, is the gyromagnetic ratio of the orbital motion of the elect-

ron around the nucleus, equal to unity; ] is the orbital quantum number

which takes the values 0, 1, 2, 111 n - 1, where n is the principal

quantum number. The projection of the magnetic moment on the direction

of the external magnetic field is determined by the magnetic quantum

number mI and is equal to M IB, where ml can take (21 + 1) values from

+1 to -1.

In an atom with several electrons, their orbital (T) and spin (s)

moments of momentum add to one another and form the total moment of mo-

mentum of all the electrons of the atom. Addition of these moments, ac-

cording to the scheme of Russell-Saunders, amounts to the fact that the

11- vectors of the individual electrons form the resultant orbital mo-

ment of momentum L, and the si - vectors form the resultant spin moment

The total moment of momentum of the atomic electrons 7 is the vector

sum of the resultant t- and S- moments, i.e., '- + '. Corresponding

to this there takes place the formation of the resultant magnetic mo-

ment of all the atomic electrons, whose magnitude is determined by the

relation

where 9t+4q i).J•-J1)-Lit.-) is the Land4 factor.

The values of the resultant S-, L-, Y- moments depend on the dis-

tribution of the atomic electrons with respect to the energetic states,

usually termed the electron shells or orbits. The distribution of the

electrons with respect to these states is subject to the quantum mech-

anical governing laws, the most important of which is the Pauli princi-
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ple. According to this principle, in the atom there cannot be more than

a single electron in each state determined by the set of all (four)

quantum numbers. The number of electrons on the shells with the princi-

ple quantum number n does not exceed 2n4, and on shells with the same

value of n and 1 there can be no more than 2(21 + 1) electrons. As the

electron shells of the atom are filled, there takes place mutual com-

pensation of the magnetic moments of the individual electrons and the

filled shell as a whole is devoid of magnetic moment; therefore, the

self-magnetic moment of the atom is due only to the electrons of the

incomplete shells. However, if the atoms form complex molecules or cry-

stals, then the magnetic moments of the interacting atoms may undergo

considerable alterations. Thus, the valence electrons of the outer

shells, whose maemeitc moments may not be compensated in the free atom,

mutually compensate their magnetic moments with ineractions of the atom

with the surrounding neighbors. Therefore, the atom s in the majority

of the nontrcrnsition metals, molecules with even number of electrons,

covalent crystals and so on are devoid, of self-magnetic moments. In

contrast with this, the electrons of the inner incomplete orbits in the

atoms of the rare earth metals are to a considerable degree shielded

from interactions, and their magnetic moments are scarely subject to

significant alterations. In atoms of the transition elements of the

iron, platinum, palladium group the incomplete electron shells are in-

sufficiently completely shielded by the outer electrons, therefore,

their magnetic moments are subject to significant alterations. Frequent-

ly, in crystals of the compounds of the elements of the iron group the

interatomic forces "freeze" the orbital component of the magnetic mo-

ment, while the spin component remaIns. With complete "freezing" the

magnetic moment becomes equal to M2. S J AB, where S is the to-

tal spin of all the electrcns. The "freezing" mechanism, is due to the

2408
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influence of the crystal electric field on the motion of the electrons

of the inner incomplete shells. The orbital moment is sort of oriented

by this strong field, and its orientation cannot be altered by the

weaker external magnetic field; in this case the spin moments remain

more free.

The majority of the molecules occurring in the composition of the

chemical compounds have an even number of electrons and thus, as a rule,

are devoid of magnetic moment. A comparatively small number of molecules

with an odd number of electrons have a magnetic moment, however the

orbital component of this moment is either small or completely missing.

The magnetic moment of such molecules is determined only by the total

spin.

The basic macrosocopic magnetic characteristic of a substance is

its magnetization or resultant magnetic moment. Magnetization of a sub-

stance is manifeeted in the variation of the intensity and configura-

tion of the magnetic field inside and outside of this substance. Mag-

netization arises as a result of the interaction of the elementary mag-

netic moments of the particles of the substance with the magnetizing

field and is the resultant projection of these moments on the field

direction. Between the magnetization of a substance I and the intensity

of the magnetic field in it H there exists the relation I = I H) which

does not depend on the shape of the body and is characteristic for its

electron structure. For the majority of substances the magnetization in

the first approximation is proportional to the intensity of the magne-

tic field. The coefficient of proportionality X between the magnetiza-

tion of a substance and the intensity of the field in it is termed the

magnetic susceptibility of the substance, i.e., X = Depending on

whether the magnetization is referred to unit volume cr mass, gran-atom

or gram-molecule, the susceptibility is divided respectively into vol-

umetric c, mass or specific X, atomic Xa and molar xm.
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The resultant magnetic field in a substance is characterized by the

magnetic induction B, where B t+ 4nfor = 7 (1 + 4ni), or =

.where the quantity g = 1 + 4ir is termed the magnetic permaebility. The

megnetization and the induction B are, just as the intensity of the

magnetic field, vector quantities.

With regard to magnetic properties, all substances may be basic-

ally divided into diamagnetic (X<O) and paramagnetic (X>O). The magni-

tufe of the specific magnetic permeability of the majority of the para-

magnetics and diamagnetics is small and in order of magnitude araounts

to 10-5 _l0-6, however among the paramagnetics we can identify a

special class of ferromagnetics whose susceptibility in weak fields ex-

ceeds unity by several orders (see Ferromagnetism).

The atoms or molecules of a paramagnetic substance have a self-

-magnetic moment due to the uncompensated moments of the electrons; the

atoms or molecules of a diamagnetic substance do not have such a moment.

Magnetization of the paramagnetics involves thepreferential orientation

of the self-magnetic moments of the atoms in the direction of the mag-

netizing field; magnetization of the diamagnetics is connected with the

fact that the magnetic field induces in atoms magnetic moments whose

resultant component is directed in opposition to this field. All sub-

stances possess diamagnetic susceptibiltiy, however in the paramagnetic

substances this susceptibility is overshadowed by the stronger para-

magnetic effect. The magnetic properties of the ferromagnetics are due

to the fact that the magnetic moments of their atoms in considerable

regions, termed domains, have parallel orientation, due primarily to

the exchange quantum mechanical interaction between these atoms. Mag-

netization of the ferromagnetic substances involves the orientation of

the resultant magnetic moments of the domains in the direction of the

magnetizing field, and this orientation is possible in relatively weak
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fields.

References: Vonsovskiy S.V., Sovremennoye uwheniye o magnetizme

(Present Knowledge of Magnetism), M., 1953; Dorfman Ya.G., Magnitnyye

svoystva i stroyeniye veshchestva (Magnetic Pruperties and Structure of

Matter), M., 1955; Livshits B.G., Fizicheskiye svoystva metallov I spa-

vov (Physical Properties of Metals and Alloys), M., 1959.

A.A. Ivanov

2411



MAGNýETIC sUsPenSION is a suspension of particl1: of magnetic pow-

der in a liquid, used for the detection of surface and subsurface de-

fects of products by the method of magnetic powder defectoscopy (2ee

Magnetic IDefectoscopy). As liquids for the magnet-i suspensions, use is

made of transformer oil, kerosene and their mextures, and also water

with surface-active and anticorrosion additives.

S.M. Rczhdestvenskiy
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MAGNETODII1ECTRICS - see Magnetic Materials with High Permeability

Constant.

2
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XAGNE.'OGIRAPHIC DL7Z-CTOSCOPY MMLTHOD is one of the methods of magne-

tic detectoscopy,, whose salient feature is the that the recording of

the stray magnetic field is accomplished with the aid of magýnetic tape

which is normally used for sound recording-. The magnetic tape is precZed

to the surface of the part being, magnetized (or which tha: already been

magnetized), as a result of which ther Is "written" on the! tape the 1iz-

tribution of the magnetic fields at the tape location. Thei recorded

magnetic fields are reproduced with the aid of a zpecial man'g-etographic

defectoscope. The defectoscope sensitive element (head of tape recorder

type) performs a sawtooth movement relative to the magnetic tape, and

the electric signals in the winding, of this element which appear with

intersection of a nonuniformly m~agnetized portion of the tape, after

suitable amplification, are applied to an osclilloscope. From the shape

arnd magnitude of the signal image on the screen a judg;ement is made on

the nature and size of the defects which gave rise to these signals.

The MD-9 and MD-il magnetographic defectoscopes are the rmoZt effective.

The magnetographic method of defectoscopy is widely used for the inspec-

tion of the quality of weld seams of trunk pipelines. With pipe wall

thickness from 5 to 12 mm, cracks, non-penetrations of depth more than

10% of the wall thickness, chains of gaseous pores and large slag in-

clusions show up sharply. Fine longitudinal cracks and narrow non-pene-

trations are particularly clearly seen. Sharp ledges, excresences and

"seam beads" of height more than 5 mm on the surface of the weld seam

may give rise to false signals, therefore, the magnetographic method of

defectoscopy is most successfully used to inspec seams made by automatic.
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welding under a flux which have a more even surface. Magnetographic de-

fectoscopy may also find application in the detection of defects of

other products made from the ferromagnetic mater 4 als.

S.M. Rozhdestvenskly
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MAGNE"'rO-LUIZIOECENT DEFECTOSCOPY is one of the forms of the mag-

netic powder defectoscopy method (see MaGnet'id Defectoscopy). The sal-

ient feature of the method is that the magnetic powder particles con-

taini a luminophor which fluoresces when'the parts being, inspected are

irradiated with ultraviolet 1ligght, as a result of which the defects

stand out more clearly. To bond the luminophor with the f'erromagnetid

particles, use is made of ethylcellulose or low-nelting reszins. Mazrne-

tro-iwninescent defectoscopy is particulaxly effective in inspection of

parts with a dark surface. The use of magneto-luminezcent defectoscopy

in combination with photocells makes it possible to automate the inspec-

tion process..

References: Sovremennyye metody kontrolya materialov bez rezrush-

eniya (Modern Methods of Nondestructive Material Inspection), collec-

tion of articles, M., 1961; Karyakin A.V., Lyuminestsentnaya defek~tos-

kopiya (Luminescent Defectoscopy), 1M. 1959.

S. M. Rozhdestvenskiy
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MAGNETCSTRICTIVE MATERIAIS are soft magnetic materials whirh have

magnetostrictive properties (i.e., dependený:e of deformations and

stresses on the magnetic field and inductances and vice versa) and

which are used for the fabrication ol' magnetostrictive transformers.

The magnetostrictive materials are evaluated on the basis of the mag-

nitude of their properties which determine the basic properties of the

transformers: sensitivity in the radiation and reception regimes, ef-

ficiency, etc. The most important characteristic of the magnetostrictive

materials relate the mechanical and magnetic parameters of the state of

the material: 1) magneto-mechanical coupling coefficient k - the ratio

.of the transformed mechanical energy to the magnetic energy with oper-

ation of the magnetostrictive radiator at low frequency without account

for the losses (or correspondingly the ratio of the transformed magne-

tic energy to the mechanical energy with operation of a receiver under

the same condtions); 2) the magnetostrictive constant a-(").; 3)

the magnetostrictive sensitivity constant A-(t). ; here a is the mec-

hanicai stress, B is the magnetic induct subscripts c and H denote the

invariability of the deformation and magnetic field intensity. The quan-

tity a determines the transformer sensitivity in the radiation regime,

X is the sensitivity in the reception regime. The efficiency is deter-

mined by the quantity k and the losses in the magnetostrictive material.

The mechanical losses are characterized by the mechanical figure of

merit, the Foucault current losses are characterized by the electrical

resistivity p, the hysteresis losses are characterized indirectly by

the coercive force Hc. The density of the magnetostrictive material d

2417



&a4 2OWf4'g Soulus I determine the resonant frequhncy of the transfor-

wrt for a gitven core form. Th 1l~ting itensoity power of &,&pnetostrlý-

tIv rediators *epends on the mechanical atrenth, the Sognetottriot #

saturttlon Is . the saturation induetion P". Another imortant character.

Istic of a magnetostrictive material Is the inverse vagnetic permeabIl-

Ity I. The quantities k, a, u, E, A are connected by the relattons: xL -

- A-," and depend r1-nificantly on the magnitude of the con-

stant sagnetization field HO and consequently on the Induction 2 . The

value of k corresponding to the ma.Amum of k Is usually termed optimal

"R opt. The basic characterlsOIcs of the most important majnetostrV!.

tive materials are presented In the table. No values are Civen for the

quantity m: the Initial value a0 ard the value for reridual magnetiza-

tion Lr; rhe values of k and a are for optimal magnetization and Ar -

given for residual ma.Snetlzatlon.

salc C.aracteristics of MagnetostrIctive Materials

)Material; 2) chemical composition; ) acm') 4) (Jynes/cm2); •%a asA); 6) (oe); 7) He^*÷ (oe): 8) kopt; .,.o.t (dns/cm2*-.az); 1*g)
lb- y f .'=ohm--m); 12) nkel; 13) remain-

1) Mat ermendur K) Fh ; ic ) permendur K6) ; 16) alfer (g-/ ) 17) alfer

Yu-12; 18) permalloy 40; 19) hipercs; 2.) nickel ferrite; 21) n eike
ferrite with cobalt addItive.

The manetostrictive materiale may also be required to have cor-

rosion resistance (for transformers used in water or In chemically act-

lye media), plastizity, permitting the production of thin 3heet from

the magnetostrictive c~ter:.i (necessary to reduce the eddy c-rrent
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losses), small variation of the parameters with temperature, high Curie

temperature for operation over a wide temperature interval, and, finally

low cost, simplicity of technology, availability of source materials.

* .Of the magnetostrictive materials, the most widely used is nickel, which

'has good magnetostrictive, mechanical and anticorrcsion properties. Its

drawbacks are a comparatively low value of the electrical resistance,

low saturation induction, which limits the limiting power of magnetos-

trictive ultrasonic radiators made from nickel, relatively low Curie

temperature (360*). The Permendur alloy has high values of the magnet-

ostriction constants, high saturation magnetostriction and induction,

four times higher than for nickel, good dynamic properties in the resi-

dual magnetization state, high Curie temperature (960°). The deficien-

cies of the alloy are poor corrosion resistance and low plasticity. Per-

mendur K-65 has better mechanical properties in comparison with the K49

F2 alloy, however its p value i&, lower by nearly a factor of three. The

iron-aluminum alloys (Yu-14 and Yu-12) have high electrical resistance

and good magnetostrictive properties, but corrode very strongly and are

highly brittle. Their advantage is the abundance of the source materi-

als. The magnetostriction constants of the ferrite magnetostrictive

materials are quite high. The advantage of the ferrites is the high el-

ectrical resistance (practical absence of Foucault current losses) and

high corrosion resistance; the Curie temperature for nickel ferrite is

590. Their high mechanical strength is essential for fabrication of

,cores for magnetostrictive filters. The ferrites are markedly inferior

Sto the metallic materials with regard to mechanical strength and their

saturation induction is relatively low. The ferrites are the least scar-

ce and the cheapest of the magnetostrictive materials.

References: Spravochnik po elektrotekhnicheskim materialam (Hand-

book on Electrical Materials), Vol. 2, M.-L., 1960; Gershgal D.A., Frid-
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1I-37M3 .man V.M.3 Ul'trazvukovaya apparatura, (Ultrasonic Equipment), M.-L.,

1961; Shur Ya. S.,, et al.s IAN SSSR, Physics Series, 1958, Vol. 22, Ito.
10; Qolyamina I.P.,, AZhi, 1960, Vol.6, No. 3, Pages 311-20; Davis C. M.,
Ferebee S. F., J. Appl. Phys., 1959, Suppi. to v. 30, No. 4, p. 113;
Sussman H., Ehrlich S. L., J. Acoust Soc.. America, 1950, v. 22,, No. 4,
p. 499 .

I.P. Golyamina
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MAGNICO- see Alni alloys.
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MALACHITE is a mineral of carbonate class, anhydrous basic copper

carbonate Cu2 [C0 3 ] (OH) 2 , containing the hydroxyl group [OHI as an

additional anion. Malachite is encountered in zones of oxidation of

copper sulfide deposits in the form of sintered forms, dense, with con-

centrteally zonal or radial-fibrous structure, and also in the form of

friable, powder-like masses; in the voids there are formed (very rarely)

prismatic crystals of monoclinic syngony. Hardness is 3.5-4. Brittle.

Perfect cleavage along Mo01) and good along (010). Specific weight 3.9-

-4.1; reduces to 3.6 for the filamentary varieties. Color is bright

green, dark green. Luster is glassy to diamond,_silken in the fibrous

varieties. Transparent in thin sections. Light refraction index ng=

= i.49 .; = 1.875; n. = 1.655; ng - np= 0.254. Ng NP = (010); cNp =

= 23. Loses water on heating to about 315. Slightly soluble in water

containing CO2. Dense sintered varieties of malachite are used as or-

namental stones.

References: Betakhtin A.G., Mineralogiya (Mineralogy), M.,, 1950;

Fersman A.Ye., Dragotsennyye i tsvetnyye kamni Rossii (Precious and

Colored Stones of Russia), Vols. 1-2, P.-L. 1920-25; Dana G.D., et al.,

System of Mineralogy, translated from English, Vol. 2, Part 1, M. 1953.

Yu.L. Orlov
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MALLEABLE CAST IRON- is a plastic cast iron obtained by tempering

white iron; it surpasses significantly the gray cast iron, which has a

lamellar graphite in its structure, with regard to plasticity. Ihe

plasticity of the malleable iron is caused by the fact that the graph-

ite precipitations in its structure, the so-called temper carbon have

a floccular form and, therefore, loosen the metsil-1'bn-- ^ ircn t,

a lower degree than the lamellar graphite in the gray iron. The temper

carbon is formed during the tempering of the white iron by the decompo-

sition of the carbide component. With regard to the microstructure, the

malleable iron is subdivided into the more plastic ferritic, and the

less plastic but harder pearlitic or pearlite-ferritic types. The chem-

ical composition of the malleable iron (Table 1) is characterized by

a lower content of carbon and silicon, compared with the composition of

gray iron. The lowered carbon content (i.e., the total decrease of the

giaphite quantity in the structure of the malleable iron) causes an in-

creased plasticity, and the reduced silicon content causes a total

-hilling of the castings and averts the separation of laminar graphite

in their structure.

For wear-resistant castings, the malleable iron is alloyed with

copper, manganese or molybdenum (see Antifriction cast iron). Addition

of sulfur favors the coagulation of the graphite in a more compact form,

similar to that of the spheroidal graphite, and allows the silicon con-

tent of the iron to be increased in order to reduce the tempering time.

In modern industry, the modifying of cast iron is widely used, i.e.,

the addition of modifying agents (Table 2) before pouring into the
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molds (see Modifying of -cast iron)7.iTe main purpose of modifying is'

to reduce th e tempering time and to prevent the formation of lamellar

graphite (to give the latter a spheroidal fo~rm).

TABLE 1
Chemical Composition of Casting,- of Malleable Iron
(GOsT 1215-59)

- 322 vE~ ¶f'" %

1 2 Ott 00_WA

43,142 1 2pma 6Z.-2.5 - se 0.1 0
5 111194S.

1Yaal~wl .1aI 22 0.7-i'5 0_-' 6.18 0.12 9.211

_____*1 _7

1) Cast ironi 2) basic structure; 3) percentage of the elements; 4) not
more than; 5KCh..; 6) ferritic; 7) pearlitic or pearlite-ferritic.

TABLE 2
Modifiers of Malleable Iron

AtAlople" "wAsCI"Or1W OT. 0. 0: -0. 03 al Ptomg 12

M. To we w npeC30?3pawenve nIpa. . A-,0 1'ri ' It1 352# awUTyr7PU321U'Nfew
II* At 30ato~.ne wLie w ro rpalhtut 0 111.H2-41. n5 HLI wo*m u Min Wu u.4' j1

Di -. 8 At V0. $415- I RAl I P #8010. AAO6. 9 a AI-9

Ah. 1 To 5t, H.0-.0 11B wo.

N Dim ousawsu~s . 0 2-O.S CoCN3  To -A*
&C.%, + AN,.1 0.113 A)

Mouro a Dl-ýNwneswopoS tofox 0. 01 3*,. 113 Al KB

tpa~nar

Na aN ~nCSN fl~,Ww PCSSNAO r.41~e0.2-0,3 ]CC It roga

1) Modifiers; 2) purpose of the modifier; 3) quantity of addition; 4)
mode of addition; 5)N as ammonia or CaCN? + Al; 6) Mg or magnesium
alloys; 7) reduction of the tempering time, 8) the same, and prevention
of the formation of lamellar graphite; 9) the same; 10) reduction of
the tempering time and formation of spheroidal graphite; 11) formation
of spheroidal graphite; 12) into the ladle;* 13) as an alloy or a mix-
ture Into the ladle or on the spout; or Bi on the spout, and Al into
the ladle; 14) s Into the ladle or the charge, Al into the ladle.

The mechenical properties of malleable Iron according to the stand-

ards of the USSR and of the US are quoted in the Tables 3-5, and the
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physical properties in Table 6.

TABLE 3
Mechanical Properties of
Malleable Iron (GOST 1215-
59)

i 2

W1 .123 !2 jlei

K~~~ Ile '15__29_ran0
H:4 4kn-, 3 + e 3 e 2 $ as 6rwo

4116-2 .11 3 164I;'445-6I 45 6 24l I
l5lm4 .n 6 241

X'4'6-4 I l 56 266 fleI.•.w•'.1lq•n-3 j 6 3 263 Imu *e•Ji.oht-* ** 146-2 63 2 269 Oppim•..

1ý Cast irn )(kg/m 2 ), not less than ýkg,/m 2), ntmr hn4 basic structure; 5) KCh...; 6) ferritic; 7 pearlitic or pearlite-
ferritic.

TABLE 4
Mechanical Properties of
Pearlitic Malleable Iron
(according to the ASTM
A220-55T US Standard)

S .. I +..'•
S1 u, aq'.,a. •, *~

NO,7 45.7. 3.1 6

46.2 3..7 4
Solo07 52. 35.1 7$3004 56.2 37.3 4
60003 56.2 42.2 3I0002 70.3 56 2 2

1) Cast iron; 2) (kg/ 2 ) not lezs than.
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tunnel-type furnace fired with black oil or gas, in uncovered crucibles;

12) periodic or continuous electrical furnaces, without pots and with-
out covering; 13) salt baths for thin-walled castings (sodium chloride
or potassium chloride bath-); 14) in a box furnace.

In order to obtain the so-called black-core ferritic malleable

iron, the fracture of which having a black color, the white iron cast-

ings are submitted to a graphitizing tempering in a neutral medium;

this process not only causes the decomposition of the carbide phase,

but also the formation of the temper carbon during the first stage of

tempering, as well as the decomposition of the cementite in the pearl-

ite-base and formation of ferrite during the second stage of tempering

(Table 7).

The rarely used tempering of white iron to obtain the so-called

white-core malleable iron is carried out in an oxidizing medium: in a

mixture of waste or fresh iron ore in a ratio from 4:1 to 10:1 or in

an oxidizing gas atmosphere, 27-30% CO; 7-10% C02 ; 24-60% H2 ; 16-19%

H2 0, the rest N2, for example. The high plasticity of the white-core

malleable iron is caused by the burning-out of the carbon in the exter-

nal layers of massive castings, and the formation of a ferritic layer

with a small quantity of precipitated temper carbon; in thin-walled

castings, however, an almost pure ferrite structure is formed in the

whole cross section (see Roofing iron). The tempering of the white iron

to obtain pearlitic or pearlite-ferritic malleable iron is similar to

that used in obtaining ferritic black-core malleable iron, the second

stage of graphitization being reduced or left out entirely. The spher-

oidizing tempering at 720-7400 improves the mechanical properties of

the pearlitic malleable iron with an increased manganese content (0.8-

1.0%). Ferritic malleable iron is transformed into pearlitic iron by

normalizing after annealing at 800-850* for 0.2-1.0 hour per each 25mm
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of°the casting thickness. Hardening and tempering of pearlitic mallea-

"ble iron increase its wear-resistance. Hardening of the partz made of

pearlitic malleable iron are case-hardened to obtain a high surface

hardness.

The malleable iron is used in the manufacture of a great number of

parts for tractors and agricultural machines, automobiles, textile ma-

chines, ships, boilers, cars, diesel engines, and electrical machines.

Moreover, malleable iron is widely used in tool manufacture and in man-

ufacture of medical equipment, and also of equipment for sanitary, fire-

department and building purposes.

References: Girshovich, N.G., Sostav i svoystva chuguna [Composi-

tion and Properties of Cast Iron], in the book: Spravochnik po chugun-

nomu littyu [Handbook on Iron Casting], 2nd Edition, Moscow-Leningrad,

1960; the same, Termicheskaya obrabotka chugunnykh otlivok [Heat Treat-

ment of Iron Castings], ibid.; loffe, A.Ya., Modifitsirovaniye kovkogo

i otbelennogo chuguna [Modifying of Malleable and Chilled Iron], ibid.;

Landa, A.F., Sobolec, B.F. and Khrapkovskiy, E.Ya., Otlivki iz kovkogo

chuguna [Malleable Iron Castings], in the book: Spravochnik po mashin-

ostroitel'nym materialam (Handbook on Machine-Building Materials], Vol.

3, Moscow, 1959; Josnph, C.F., "Brit. Foundryman," 1960, Vol. 53, Part

2, pages 58-67.

A.A. Simkin
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MALLEABLE COBALT ALLOYS - are alloys based on cobalt and chromium

which have a high heat resistance at 800-1000, a high resistance to

thermal fatigue and which are readily worked by pressing. They contain

chromium (in certain cases nickel) which increases both scale and heat

resistance. High-melting elements such as molybdenum, tungsten, niobium,

carbon and small quantities of boron are also added to the cobalt -

chromium-nickel alloys in order to increase the heat resistance (Table).

TABLE

Chemical Composition (%) of Foreign, Heatproof Malleable
Alloys

C, . i hC M I Cr NI I Ci0 I No W

8. . .. .. .. To= o 0.o ,,, otoo ,, oum I: -.1 .1 . ______,_o3 ...... ... . 0.3iS 1.20 2 . 1 ". , .- 1 6.0 '. °

0-32. ............ 0.27 0.60 19.0 10.0 46.0 . - 1 3. 0 o

0-I'. ... ...... . 0.=0 ,, . 2 . 4so 2.e1 I ,o -.0-

V-4 1m w .264 0.90 (25.3 20.0 ochoma 2.6 2.0 :.0

V-,36. ..... .......... .:07 1.20 J 20 Oe3o -a 4.6 J 2.0 . o .0

- .o70. .......... . .. 2 -0,2,20 26 36 - J.0 I - . T

U23 .......... 0,07 - 19.9 24.5 36.5 Is1 1.9 0:R '7A'I
, 0.79.AI

-205 . ........... 07 1 5 12 1.2 7"- .* + .. ... +. ' . ~-' ' + ' .. 2-4's 0: ft
n"MYN X .. J. .. _I35 0.25 28.5J1.0i 92 J - Is -

l) Alloy; 2) other elementsý 3) malleable and cast;
4) basis; 5) experimental; I) llium.

The alloys of the cobalt - chromium system may have the following

structural components: a) A solid solution of chromium in the p (y) co-

balt modification, chaacterized by a polyhedral structure; b) an acicu-

lar structure due to the diffusionless P-e transformation (in alloys
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containing 13-17% chromium); c) a solid solution of chromium in the e

cobalt modification; d) eutectoidal segregations due to the reduced

solubility of the 6 phase in the initial solid rolution (similar in its

appearance to the pearlite structures, observable in specimens of a ¢o-

balt-chromium-molybdenum alloy of the 63-27-6 grade after an extended

test at 8000).

Cpbalt and nickel form continuous 0 (y) solid solutions within a

wide range of proportions owing to their similar physicocher Lcal proper-

ties, but some changes occur, however, due to the effect of the low-

temperature e cobalt modification. The heatproofness of the cobalt -

nickel alloys is nearly equal to that of the pure cobalt and nickel me-

tals, and a certain increase is observable in the range of the cobalt-

rich alloys. The heatproofness of alloys in which nickel is prevalent

is somewaht lower than that of pure nickel; therefore, cobalt only in-

significantly strengthens nickel both at low and high temperatures.

Alloys hardened from the e region are harder than alloys hardened

from the 0 (v). region. The hardness of alloys hardned from the s region

decreases significantly after tempering.

The investigation of the effect of alloying elements (W, Mo, Nb,

Ti, and V) in the cobalt - nickel system without chromium has not re-

sulted in alloys with a high heat-resistance. The effect of chromium on

the mechanical properties of malleable cobalt alloys and of the robalt

- nickel alloy'with a ratio Co/Ni = 1 is shown in Fig. 1. A chromium

percentage of more than 24% ensures the highest long-life strength of

the malleable cobalt alloys. The formation of a two-phase structure and

a loss in the heat resistance can be observed when the chromium content i

is further increased.

Apart from the E1416 (VK36A) alloy, malleable cobalt alloys were

not widespread in the USSR; in their place were mainly heat-resistant
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alloys on a nickel basis without Co (E1617, ZhS6) or with 5-13% Co

(EI867, EI929) (Fig. 2). Malleable cobalt alloys are widely used in the

10 0

=7

Fig. 1. Effect of chromiumon the ultimate and long-

life strength of malleable
cobalt alloys and of the
cobalt - nickel alloy. 1)
kg/mm2; 2) chromium percent-
age.

U.S. The high mechanical and heat-resistant properties of the malleable

.cobalt alloys are attained by hardening at 1150-1200%, cooling in air,

in oil, or in water, and a seubsequent aging at 750-8000@. The S-816 al-

loy hardened by carb~ide, was one of the most widespread, but it has

gradually been replaced by alloys with a higher heat resistance (1-1570

and alloys of the M type). Malleable cobalt alloys (S-816; 1-1570; G-342;

G-34) are used in the production of the working blades of gas turbine

engines, and of parts (valves) of the afterburner sections made froma

sheet and band metal (V-346).

References: Symposium on Materials for Gas Turbines, Phil., [1-946];

Mikhaylov-Mikheyev P. B. , Metall ga-zovykh °turbin (M4etal for Gas Turbines,
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Moscow-Leningrad, 1958; Zharoprochnyye splavy v usloviyakh poletov so

sverkhzvukovymi skorostyami, [Heatproof Alloys Under the Conditions of

Supersonic Flight)], [Collection of papers], translated from E&glish,

Moscow, 1962; Simmons W.F., Krivobok V.N., Mochel N.L., Compilation of

Chemical Compositions and Rupture Strengths of Super-Strength Alloys,

Phil., (s.a.], 1958 (ASTM Special Technical Publ., No. 170); Khimushin

F.F., Zharoprochnyye stali i splavy [Heat-resistant Steels and Alloys],

Moscow, 1949.

F.F. Khimushin

23
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MANGANESE BRASS is brass in which the basic alloying element Iz

manganese. The manganese brasses have higher strength, hardness and cor-

rosion resistance than the simple brasses. Alloying of brass with man-

ganese increases the resistance to the action of sea water, rsuperheated

steam and chlorides. The favorable effect of manganese on the propert-

ies of the brasses is intensified in the presence of aluminum. Manganese

brasses are produces in the otandard grades lMts58-2 and UWts57-3-l.

Widest application is of the LMts58-2 brass in the form of sheet, _trip,

rod and wire.

0 10.0104'50607li4r

Fig. 1. Variation of mechanical propert es of LMts58-2 brass as a func-
tion of degree of deformation. 1) kg/mm ; 2) degree of deformation, .

ISO

SOL

so'

PO; LI *sb

0 d , ,1 •

Fig. 2. Variation of mechanical propertles of L2ts58-2 brass as a func-
tion of annealing temperature. 1) kg/mm'2; 2) annealing emperature, °C.
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TABLE 1
Chemical Composition and Mechanical Properties of Manganese Brasses

t ~ST-7 0- 0. it0-_6 
____.1"'li t i

Org vw I.. . .... . .)'

2.- S05- 34 0 414rx, "S

________________ 
*RWI (.•.. %)

1) Alloy (grade according to GOST 1019-47); 2) ccntent of basic elements(%); 3) mechanical Properties (average chemici composition); 4) materi-al temper; 5) (kg/mm2)o 6) I*ts58-2; 7) remainder; 8) soft; 9) hard (50%work hardening); l0) LMtsA57-3S)s1.

TABLE 2
Physical and Technological Properties of Manganese Brasses

I n".T ll -p , Texn -pa
S( 4A ( * jg 

1
r A ( , .,.

4  
T e41m -

, J2Wt&4 �'a. $ 21.2 0 1 h i I )l... S.J..... . n.. .. -7:. 3- --- -- -- 6IS• -- * ,r 't--

1? Alloy; 2 (g/cm3). (cal/cm-sec-*C); 22 ) 3 )4 ) ( o m-,2 5 ) ( k / m )melting point (C,; 7) hot working temperature (C); annealingtemperature ("C); 9) P~ts58-2; 10) LMtsA,7-3.1.

The 12tsA57-3-1 brass is delivered in the form of forging blanks. The
manganese brasses are used primarily in ship construction. Tables 1,
present the chemical composition and basic properties of the manganese
brasses, Figures 1, 2 show the variation of the mechanical properties
with the degree of deformation and the annealing temperature of the man.

ganese brasses.

References: Mal'tsev M.V., Barsukova T.A., Bornn F.A., MetallograL
fiya tsvetnykh metallov i splavov (Metallography of Nonferrous Metals

and Alloys), M., 1960; Smiryagin A.P., Promyshlennyye tsvetnyye metall
i splavy (Industrial Nonferrous Metals and Alloys), 2nd editicn, M.,

1956. 
Ye. S. Shpichinetskiy
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MANGANES BRONZE is bronze In which the basic alloying element is

manganese. Manganese has unlimited solubility in copper in both the

liquid and solid states. The manganese bronzes containing up to 20% 1Mn

have the structure of a homcgeneous solid solution. With Mn content of

35% tpl is 871%. In the presence of Mn, the copper recrystallization

temperature increases by 1500. Alloys with manganese (to 15-202), while

retaining theplasticity of copper, have considerably higher hardnes.

and strength at high temperature with a slight increase of strength at

normal temperature. These alloys are easily presr-re worked in the cold

and hot conditions, pe.mitting defcrrnation to 80% with cold rolling.

The manganese bronzes are corrosion resistant. The grade BrMts5 mangan-

ese bronze containing 4.5-5.5% Mn (GOST 493-54), produced in the form

of forging blanks, is recommended for broad practical applications.

Physical, Mechanical and Processing Properties of BrMts5 Bronze

1t 211 11 (AI II ra

, I tnp , J-. P .l.) I | 1050
*k (Niw'•l) .3*, M'iz r.,-c '1 I"'E1 Ct) 2 .

"4 7; , r, fiv I. ax 0, r. ) .'.C)
• u 5 . nr• ' T,-w!-p. .- rirs. f'c. I I " -- I 1.10

IOT,'ir!-ps r,'I-.4 f *) rw,,--450
8 (%) 6 4 M lrvi . II I.mn -i. *tvkra IT.) ,,i,--750

Hl S . IIIt,.

I W, ~'rx

1) Properties; 2) property index: 3) material temper; 4) (kg/m 2); 5)
cast; 6) soft; 7) hard; 8) (cal/cm-sec-*C); 9) casting temperature; 10)
hot working temperature; 11) annealing temperature; 12) shrinkatze; 13)
fluidity (cm).

O.Ye. Kestner
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MANGANESE COPPER is an alloy containing, in addition to copper,

0.8 - 1.2% Mn. A representative of this group is the MMts-l alloy which

has a uniform solid solution structure.

Manganese increases the corrosion resistance of copper and the

recrystallization temperature. It is also introduced into copper for

the purpose of deoxidation. Rods used in the electro-vacuum industry

(see Pure Copper) are fabricated from manganese copper which' is deoxid-

ized by manganese and contains Mn in the amount of 0. 1 - 0. 3% (TsMTU-

-3204-52). The ultimate strength of parts made from products using man-

ganese copper is 35-60 kg/mm
2.

Chemical Composition of Manganese Copper

2 Conzepmaume imemeN-ron %

Cia Fe IPb I SflI b I Bt IAs I S j1+CtI AtIl 51 M~i.mc
CU 3 npnwerp. me On~nee4

L 4.I109s.S-99.:l 0. 8-t.2 10.1 1O.Ot 1 0.05 1 0.005 I0. 021 0, 0 f 1).o 0 .f1 ,2 1 0.0T1 0.11 1 0.3

1) Alloy; 2) content of elements M%; 3) impurities, not more than; 4)
total impurities; 5) M1Mts-l.

Manganese copper is used in general msaChine construction (in part-

icular, for radiators). Manganese copper is used for the production of

hexagonal, round, pentahedral and flared tubing (GOST 529-41 and TsMTU-

3086-52).

0.Ye. Kestner
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MANGANESE GERMAN SILVER is a copper-base alloy in which the basic

alloying elements are nickel and manganese. Dean (US) proposed the heat

treatable alloy of composition 60% Cu + 20% Ni + 20% Mn as an equival-

ent replacement for beryllium bronze. In the USSR there has been devel-

oped a new alloy of. higher quality containing 57.5% Cu, 25% Ni, 15% Mn,

1% Al, 1% Cr, 0. 5% Si. The Soviet manganese German silver has g-od

:casting properties and may be prduced by continuous casting. It has

high plasticity at temperatures of 700-900%, can be hardened and has a

considerable improvement of properties after tempering (Table 1). The

heat treatment regime for manganese German silver is: solution treat-

ment temperature 8500, tempering at 450-500.

TABLE 1

Mechanical Properties of Manganese German Silver

3 1aC ItI l.IR U 1 " , 4 • 2 . 1

4( ?)n 3ue?.ipitint . - I -
nt l. wI . 440) 1 I 1

60?II•'It'IIHwf II, e-'

J1e np'i"4THI . . . 21

1) Material temper, - g/mm-); 3) solution treated; 4) au.-,tled after
solution treatment; 55 cold rolled; 6) annealed after rolling.

In the refined (after solutinn treatment) condition the modulus of

elasticity of the alloy is equal to 14.700 kg/mm2 , elastic limit is 63
..2 2 2

kg/mm , yield point is 85 kg/mm , resistvity is 0.7 ohm-mm /m. With re-

gard to elastic hysteresis and cyclic resistance at room temperature,

the alloy is equivalent to beryllium bronze, and at elevated tempera-

ture it surpasses the American spring alloy MNMts20-20 and beryllium
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TABLE
Properties ,"l00 Instrument Membrx' :sr r.lAe from Soviet Manganese Ger-
man Silver .- omparlgon with Membrane from Beryllium Brcnz3 and an
American Allo,

2 npU N389UH"MN Mar.nwaahHNH IN1,,. (0.) mpM ar,'
1 00 nm t 20 2)0 3a p rmn-pa" ('1c)

-2 allys t 3

200 hysteresis

br.oXnep . . . nO5a tic, weld a.d r.9 's:3.6w p ro Z dc

t fpo2r o .s.t.r . 0.an t73hik ns1 r .O 8 2.899BpINTI, . .. , 1 1710)7 0. 098I 2,60
!o .ld 020 0 ,,,$6276 121 1,-"7 3,06

*Considerable creep is rioted in the BrB2.5, BreNTI. 9 and 1114Mts 20-

-20 alloys at 35,0°.

f Alloy; 2) at poespress of I00 atrm and a0d 3) maximal hysteresis %)
th load of 200 kg and temperatures (oCy; 4) maximal hysteresis (c45).number of 2ycles to faiue 6) Soviet manganese German silver; 7)

at; 8) BrB2.5; 9) BrBNT1l.9; 1O) MLT•ts2Or20.

bronze (Table 2).

Manganese German silver is significantly cheaper than beryllium'

bronze. The alloy is nonmagnetic, welds and brazes, well, is produced in

the form fo strip and ribbon with thickness from 0.08 mm. It is used

for speing parts of precisio instruments and other sensing elements.

References : Bobylev A. V , Margantsovyy mel'khior - vysokoprochnyy

mednyy splay (Manganese Germ~r Silver - A High Strength Copper Alloy),

P, 1958, No. 3; -- Medny,, splavy dlya uprugikh chuvstvitel'nykh

elementov (Copper Alloys for Elastic Sensing Elements), in book Perspek-

tivy razvitiya uprugikh chuvstvitcl'nykh elementov (Prospects for Deve-

lopment of Elastic SensEing ements), M., 1961; Dean R.S., [a.o.], Trans.

Amer. Soc. Metals, 1945, v. 34, p. 481-504.

A.B. Bobylev
.-I .
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MARBLE - various carbonate rocks which differ in petrographic char-

acteristics and which are to some degree decrystallzed as a rrsult of

metamorphism, consisting basically of calcite or dolomite minerals; not

infrequently containing. admixtures of silicate minerals, serpentine for

example. Common to all these rocks is a dense structure and the ability

to take polishing. Marble colors are white, gray, yellow, pink, red,

green, lilac; the colored regions often form a beautiful pattern. Harm-

ful imp rities which make working difficult are quartz and other hard

minerals; the presence of sulfides, (pyrite and others) degrade the

quality of marble - when thesz in, .riities oxidize, rust spots are formed

on the surface of facing stone; tie iron sulfides and oxides reduce the

dielectric properties of 3r.a (electric panels). Specific weight of

marble is 2.69-2.88. Volumetric weight 2.59-2.86. Mobiz hardness 3-3.5.

Porosity of mdrble is usually low - in the range of 0.7-1.5%. Water ab-

sorption of marble is 0.12-1.5 weight percent. Electrical resistivity

of marble varies from lO5 to 1013 ohm-cm; breakdown voltage varies from

10 to 45 kv/cm. The compression ultimate strength varies from 600 to

22:0 :,'= •, ,-e crystallint. maarble has the lower strength and fine-

grained has the higher strength. Tensile strength is 60-150 kg/cm2,

2bending strength is 80-295 kg/cm . Marble is used in the electrical in-

dustry for fabrication of electrical distribution panels, switchboards,

etc., and other articles for electrical insulation; it is used in sani-

tary engineering for facing walls, etc.

References: Trebovaniya promyshlennosti k kachestvu mineral'noro

syr'ya (Industry Requirements on Quality of Mineral Raw Material),` No. 4
Solov'yev D.V., Mramor (Marble, M.-L, 1946. Yu.A. Rozanov
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MARSHALITE is powdery quartz (mountain meal, quartz melite, powdery

silica) - a mealy mass of finely dispersed quartz, usually of a spot-

less white color. It consists of angular grains of quartz with admix-

ture of chalcedony, opal, carbonates and clayey minerals. Calcining

losses are 0.55-1.42%. Marshalite has a high degree of dispersion and

low content of iron oxides. The predominant fraction 'over 80%) are

grains of less than 0.01 mm. Specific weight is 2.61-2.65, volumetric

weight is 1.14, void volume in natural Marshalite reaches 60%. Specific

surface is 1130-1500 cm2 /g, refractoriness 1650-1710%, thermal conduc-

tivity at 20* 1.67.10-", with moisture of 21 weight % 122 l0- w/cm-deg,

and at 3440 it is 1.07-.0"4 cal/cm-sec-deg. Marshalite is easily refined

by elutriation and air separation with the separation of monomrnneral

fractions and simultaneous reduction of the Fe20, content to 0.02%. The

SFe 203 content may be reduced to 0.004% by chemical refinement. Marshal-

ite is sometimes obtained artificially - by grinding quartz sand.

The use of Marshalite is based on its chemical composition, approx-

imating that of quartz, and high degree of dispersion with low iron ox-

ide content. Marshalite is of interest for all branches of industry

where finely groud quartz ra. material with low iron content is requir-

ed: as filler for rubber (particularly that used for electrical insula-

tion) and plastics; for production of colorless glass in the glass in-

dustry; as a forming compound or paint for casting forms; in place of

quartz in the production of porcelain and faience; as an abrasive for

'grinding glass, marble, etc.; for the production of light-weight Dinas

refractory brick and refactory pastes; for the production of sodium
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silicate (soluble glass), silicalcite, acid-re'sistant cement, autoclave

structural materials; as a microfiller for concretes; as filler for

special grades of paper, paints, glues, etc.

References: Zhilin A.I., Pylevidnyy kvarts, yego syoystva i prim-

eneniye (Powaery quartz, its properties and use), in collection: Pylev-

idnyy kvartz (Powdery Quartz),' Sverdlovsk-m., 1939, pages 32-55 (Trans-

action4 of the Ural Industrial Institute, collection 9); .... , Primen-

eniye pylevidnogo kvartsa v stekol'noy promyshlernosti (Use of powdery

quartz in the glass industry), SiK, 1956, No. 9, pages 26-21; Mamurov-

skil A.A., Avisov B. P., Pylevidnyy kvartz kak promyshlennoye syr'ye

(Powdery quartz as industrial raw material), Mineral'noye syr'ye (Min-

eral Raw Material), 1937, No. 10-11; Chernyshcv I.A., Marshalit (Kvar-

tsevaya muka) i yego primeneniye v liteynykh (Marshalite (quarts flour)

and its application in casting shops), Liteynoye delo (Casting), 1934,

No. 7.

V.I. Fin'ko
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MARTENS HEAT RESISTANCE (GOST 9551-60) - an arbitrary indicator

of the heat resistance of plastic materials; the temperature at which

a cantilever specimen, subjected to a bending moment which produces a

stress of 50 kg/cm2 in the specimen. deforms in a manner such that an

arrow attached to it is lowered oy o mm. The instrument with a speci-

men with 120 x 15 x 10 mm is placed in an air thermostat, which is

heated at the constant rate of 50° per hour.

Manu-script
Page (Transliterated Symbols]

No.

24 4 2  rOCT = GOST = Gosudarstvennyy obshchesoyuznyy standart = All-
Uion i t=t• Standard
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MARTENSITE is a structural component of steel which is formed with

abrupt cooling after heating abouve the critical point. In each grain

of the original austenite there is formed a large number of martensite

crystals, which have a centered tetragonal lattice close tc, the lattice

of a-iron. As a rule, martensite has the form of elongated platelets

(needles), its outstanding characteristic is high hardness. The marten-

sitic structure is also found with quenching (rapid cooling) of several

metals (cobalt, titanium, zirconium, lithium) form a temperature above

the polymorphic transformation point. In the nonferrous alloys the mar-

tensitic structure has been found as a result of the transformation

(quenching) of the A-phase of the eutectoid alloys Cu - Al, Cu , Sn and

the A-phase of the Cu-Zn alloys, the -- a transformation in alloys

based on titanium, zirconium and cobalt, in the Li-Mg alloys.

Common factors in the kinetics of the transformation In the solid

state which lead to the formation of martensite are: absence of diffus-

ional displacements of the atoms; development of the transformntion

prima.-17- ý. ring Lhe process vf continuous cooling- formation of mart-

ensite crystails by a shear mechanism (similar to the formation of mech-

anical twinning) which leads to relief formation.

The high hardness and resistance to deformation of steel with mar-

tensitic structure is explained by the creation of a fine mosaic stru-

cture of the grains as a result of the austenite-martensite transform-

ation and primarily by the high elastic limit of the martensite cry-

stals themselves, associated with the presence of interstitial carbon

in the crystals. Therefore, the higher the carbon content in the mart,

2 44 3



II-50Mi

erisite, the higher the steel hardness after quenchir"g.

M.L. Bernshteyn
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MARTENSITIC STAINLESS STEEL is steel combining resistance to cor-

rosion in the moist atmosphere with strength wbich is higher than that

of austenitic stainless st3el. As a result of the capability for tem-

pering, the martensitic stainless steel has mechanical properties close

to those of the usual structural steel. Figure 1 .hows the effect of

carbon content on the hardness of 12% chrome steel after tempering.

a

Fig. 1. iEffect of' tempering temperature and carbon content in 12%
chrome treel on variation of' the hardness : 1l) 0.01% C and 13% Cr; 2
0.01% Cand 12% Cr; 3) 0.05 C and 12.4% Cr; 4•) 0.12% C and 12o% Cr; 5)
0.35% CC and 13% Cr. a) HB, kg/mm2 ; b) tempering temperature, 0C.

The ma.rtensitic stainless steels are divided into 5 groups on the

basis of' carbon and chrome content.

The first group includes the martensitic stainless steels contain-

ing less than 0. 15% carbon and 12-14% chromium, which are characterized

by a favorable combination of' mechanical properties and corrosion re-
sistance. The niartensitic stainless steels of the second group have

higher c~rbon content and greater hardness with adequate strength. The

martensitic stainless steels cf the third group have still greater car-

bon contpnt and high chromium content, as a result of which they have

high hardness 'with some reduction of' plasticity. Characteristic of' *he

martensilI stainless steels of the fourth grcup is the same chrome

Z: 45
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Content as that of the steels of the third group, but a lower carbon

content, which gives them higher corrosion resistance in comparison

with the steels of the other groups. Th3 addition of nickel aids the

improvemcnt of the hardenability and the mechanical properties of these'

steels. The martensitic stainless steels of the fifth group contain al-

loyUig elements - nickel, molybdenum, tungsten, vanadium - and as a re-

sult of this are characterized by high mechanical properties up to

6000, good hardenability and almost complete absence of the ferritic

phase in the structure.

The specific weight, coefficient of linear thermal expansion, spe-

Scific heat, and elastic modulus of the OKhl3 and lKhl3 steels differ

I little from the analogous properties of unalloyed medium-carbon steels,

while the coefficient of thermal conductivity is considerably lower

(0.06 cal/cm-sec-*C at 1000 and 0.069 cal/cm-sec-@C at 5000).

The basic physical properties of the steels of the first group

are: Y - 7. 7-7. 75 g/cm3 ; a(l/*C):. 11"16-6 (20-1000), 12.10-6 (20-5000);

x (kal/cm-sec-0 C): 0.060 (100'), 0.069 (500"); p (ohm-mm2 /m): 0.5 (200),

0.58 (100o), 0.93 (5000); E = 20,000 kg/mm2 .

The martensitic stainless steels of this group, Just as those of

the other groups, are ferromagnetic and this property is retained after

heat treatment. The transformation initiation point A is at 8500, the

end point AC3 is at 9200. Transformation to austenite takes place on

heating above 9200. Heating the steel above 10500 leads to the separa-

tion of 6-ferrite from the austenite. Tempering at 260-4000 aids in re-

Ii~ving the stresses which arise after quenching, and also tends to re-

dL.- the hardness, which takes place more slowly than for carbon steel.

With tempering at 450-5500 there is observed a considerable decrease of

the impact strength (Fig. 2) and deterioration of the corrosion resis-

* "tance.
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4.133

Fig. 2. Variation of mechanical properties of 1Khl3 steel with temper-
ing temperature (oil quench from 9800). 1) ab, Opts, kg/mm2 ; 3) an,

kgm/cm2 ; 4) an; 5) tempering temperature, 0C.

re.

Mo Ne IIA i P

Fig. 3. Variation of mechanical properties of E1474 steel as a function
of tempering temperature. 1) ab, kg/mm2 ; 2) tempering temperature, *C.

TABLE I
Chemical Composition of Martensitic Stainless Steels
of the First Group

3, 2 co..CI.,. Se.o3 J roc
c S) U C " P 3xo

S OX3 (40.04 (0.16 (0.6 a 1-15 <0.025 (0.01 ro0C 5S632-I
XIiI 0.09-0.01 <0.6 40.6s 13-1- (0.025 80.01 rOCT 53432---

1) Steel; 2) element content (%); 3) GOST; 4) OKhl3(EI496); 5) l hZ3 (Zhl).

To obtain better machinability of the martensitic stainless

steels, it is recommended that high tempering be performed at 650-7000

or complete annealing, consisting of heating to 870-900, soak for 1-2

hours, slow furnace cooling to 450-6500 at a rate of 15-250 per hour,

and further cooling in air, oil or water.
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TABLE 2

Mechartical Properties of Martensitic Stainless Steels
of the First Group (no less than)

CYMb 2- ! .pui. a f o 3 .

XI, Ormnw npW 7901, GzJtaM(- n "U .eM5 O) Has. "a yze........................43 2
InprVu • 3MKakS C 1O0-20, M78WAe•MM PS INRAY -7 Ze Waxp 9 tae3t(. Ml'nYl7 npm3CIJ* . 120 M 19 60 7

9 h u O'tnOYCK DPW 70" ...... . ..... . 40 - 21 - -

i) Steel; 2) heat treatment; 3) an, kgm/cm2 ; 4) kg/
/Ms2); 5) Okhl3 (E1496); 6) temper at 7800 cool in

furnace or in air; 7) lKhl3 (Zhl), rods; 8) quench
from 10200 air or oil cool, temper at 370 ; 9)
sheets; 10) temper at 7800.

TABLE 3

Hot Work Regimes and Application of Martensitic
Stainless Steel of the First Group

CM I 2 Peim"UNousg 3 Tepuuq. o~pa6•na 4 nIlMexemnen

OXI3I Meemiwu uArpelmoA 60 Oureny. 1PM CR-760". •x- • .mfpnue AL •IUM Uraanh. . -
(SW4tN), 881eM 6MMipU3 ADo II S0, Ta .PA:m• 3 n61 LiE ma 3 Oi a- flnp,,HlcTo."1X1 " bun-pa HoZm~a Po03M S0*. yxe. c, u i noamm n.armq-

(MC11) oXJaMenMAe U a Ie. Wax 1"o- 3•1(Lps C 9BO-102 ý.y'hI'l•,;) nnoaieprvruuernei•
paiu nD.eep. ;jax suna oCLamNeIme ma iaoA-Ixe a.,, ,aapHmu- rpyamau: Typ(..M-
snyrp. MnUpaNICnut n saw. I ftacie. 0?l1~ei npm 231)- mueamoJ~UTwn, MliI~41f3.5 uena uocai.e PtoexM uwenf m 370. . .ene 1-3 qae., .x. paaIVM, i1 o1WC . apmarypa
ornycx npW 730.-7801 a Tce. Jam~aenve ma •naalyle. , l 1q Hpemor-ye•am(.•o
•emm 1-3 qac.. ozaawmaeuwe Aim" uTVYeK t7r DpW 740-780"

w8Uo axye *TN 7iqr D1Pm
850--OO9 wae'nwe 1-2uc..
OZ,1WJilm~elm 3I D~lEq

1) Steel; 2) forging +regime; 3) heat treatment; 4) application; 5) OKh-
13 (E1496), lKhl3 (Zhl); 6) slow heating to 8000, then fast heating to
1150%, temperature at end of forging 8500, cool in ashes or hot sand.
To relieve internal stresses and strain hardening it is necessary after
forging to tenper at 730-780* for 1-3 hours air cool, or anneal at
850-9000 for for 1-2 hours, furnace cool; 7) temper at 680-780%, fur-
nace or air cool; 8) welded detail parts of low strength; 9) quench
from 980-1020%, air or oil cool, temper at 230-3700 for 1-3 hours, air
cool. For sheets, temper at 740-780°; 10) detail parts with high elas-
ticity which are subject to impact loading; turbine blades, hydraulic
press valves, cracking plant fittings.

The martensitic stainless steels of the first group are resistant

to oxidation to. 750-8000,.have high corrosion resistance under atmos-

pheric conditions, in river and reservoir water, and satisfactory re-

sistance in nitric acid at room temperature. The highest corrosion re-

sistance is obtained after tempering and polishing.

With regard to physical properties, the martensitic stainless
S..' .,.4 48
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steels of the second group hardly differ from those of the first group.

Rode, forgings Ard sheeta a.e produced from the 2M1h3, 3Kh13, and

4Kh13 steels, only rods are made from the E1474 steel.

Weldability of the 2Kh13 and E1474 steels is satisfactory. Heat

treatment is required after welding - tempering at 740-7800 with air,

cooling. The 3Khl3 and 4Kh13 steels weld poorly, and during welding

measures must be taken to prevent the occurrence of cracks: heating

prior to welding to 200-300, heat treatment immediately after welding

using the same regime as for the 2Khl3 and E1474 steels. The stress-

rupture, creep, and fatigue limits of the 2Khl3 steel after quench and

tempering are shown in Figs. 4-6.

Fig. 4. Stress rupture strength of 2Khl3 steel at temperatureA of 450
and 5000 (air quench from 1020%, temper at 700*). 1) a, kg/mnmc; 2) time
of failure, hours.

No-o woo V.000 W l

Fig. 5. Creep of 2Khl3 steel with respect to residual deformation at
450-500* (air quench from 1020°, temper at 700*). I) a, klg/= 2 ; 2) time,
hours.

TABLE 4
Chemical Composition of Martensitic Stainless Steels
of the Second Group

cw e cr Ni , T

oni~~~ 4 6.2-o05 40.6 0.6- .6-t 0. 1 "41 .0". 1oo~4 MUTY W15-1
8 •1 N.ls-0.34 .0O. 6 0.1 12-14 - <0.025 -2 0.03 rO(T $632-41

9 4XIs 0 , --0 ,.4 40.9 <0.6 0 12- -1 - - 0 ,02 .O Tome

1) Steel; 2) element content (W); 3) GOST or TU; 4) 2K1h3 (Zh2); 5) GO-
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ST; 6) E=474; 7) MPTU; 8) 31Xl3 (Zh3); 9) Khl3 (Zh4); 10) same.

TAKtE 5
Mechanical Properties of Martensitic Stainless Steels
of the Second Group (no less than)I I ,wo't °ae')~l . M ,

III (M2)KI) TY 236241 3awarnt c 1050*. Iaamlte"We
o aoasrne mna a aa4M"; oflCN

Epa 770w OIiassn lWm mae..'l 65 65 to so 1 3.1-3.-

7 ci 1 W £050.. ,z. ozamium e
a082719. oInT20 UP. 500• 125 - 7 45 5 3.2-3.6

1] 2126-52 o u, 760. "12 - 60 20 - - -

32461 ** MfT¥ 6157-5s nlme am -ra .5 -- to - - 3.95-as2,
13 1 1 aaZ c 1030-1050 a'ot-13 14 161- • ao "s us, so• ".on

nop ItSO-240 .... ........ t65 - 3-- -
IX IS (w3) MijTY 2362249 flowt cimpr 9 we~mt1--24 arm.np 8tO--gO0•, BllW

17 18 ne.+ o2 . 600•.D. 66 6 2 25 60 - 4.6
20 mose l-. wf.l p. ;o o*slaa--

20 .ue wm e sosaye . ..... 72 55 22 S• - 6,2-4

3aswaima 0 I000--O50. oi-,asw-
woan* ma aoqa7ie manu a usac,..

, I r;- "p 150-370... 05 M5 6 - 2.3-2.6

1 IW¥Y '126-42 1 utp 0i.- P740-780" 50 - I - -
4XI(X6) XUTfY 236249 3Aaamim e 1000--OW., Olt-

aniameamle I ao•ay•e naim macas.
22 npa 2001 • .. 116 140 6 - 2.7

"-22 14 o'lr nO~A.W dq" "e.--2 Zoe. 11PRt 670-9-100% oVISM-

,II t"e A 600 .•R 42 25 F0 - 4.-4.4

11 ' V-3 ,"£26 12'- , 2-,0* -p. 60 - - - -

*After annealing HB (dotp) for all grades of the
martensitic stainless steels is > 3.9 mm.

**Effect of tempering on mechanical properties of
quenched EI474, steel is shown in Fig. 3.

) Steel; 2) TU; 3) heat treatment; ) (kg/2); 5) a (kgm/cm2 ); 6)
1)~~~~~~~~~~~~ (te;2)Tk 3 et ramnt;4 (gci 2  )a

BB (dotp, mm);, 7) 2Khl3 (Zh2); 8) MPTU; 9) quench from 10500, air or

oil cool, temper at 700°, oil cool; 10) quench from 10500, air cool,
temper at 5009; 11) for sheets ChivYU; 12) anneal at 7800; 13) E1474**;
14) MPTQ; 15) after annealing; 16) quench from 1030-1050*, air cool,
temper at :L0-24o0; 17) 3Khl3 (zh3), 18) MPTU; 19) full anneal for 1-2
hours at 870-900°, slow cooling to 600°; 20) intermediate anneal for 2-
6 hours at 760, air cool; 21) quench from 1000-1050, air or oil cool,
temper at 150-3700; 22 ) 4Khl3 (Zh4); 23) quench from 1000-l050*, air
or oil cool, temper at 2000; 24) full anneal for 1-2 hours at 870-900%,
cool to 600*.

The steels of the grades 2Khl3, 3Khl3, and 4Khl3 are widely used

for decorative purposes and also to fabricate tableware. The blueish
color of chrome steel is explained by its low reflectivity (reflects

62% of the incident light). The martensitic stainless steels polish

well.

"The martensitic stainless steels of the third class include Khl8

2450



* As - •

II -35n6

TANI 6
Mechanical Properties of Some Grades of Martensitic
Stainless Steels of the Second Group at High Temper-
atures

OMl 2 Tepmvq. T4ps foA T n Pi ,,-b

IXII(M2) 3a2eaKa c 105o', oz. 300 20400 $15 t o I6 f 20
aam1enue ma aouzyxe, 400 1i300 13 i4 s 55 I 20i

rYe1 Apa 7600 109400 44 a 1 u 66 21
a .xHIpua8w j)uu 7npu 300 20600 711 64 1 5$ 1

;JOOO' ¢q~yO Opl 50" O0 10000 62 I 2 2 1S8 9 _o_ t_ _of. , . ,.

i) Steel; 2) heat treatment; 3) temperature ("C); 4) (kg/mi2 ); 5) an

(kgm/cm2 ); 6) 2Khl3 (Zh2); 7) quench from 1050, air cool, temper at7000; 8) 3Khl3 (Zh3); 9) normalization at 10000, temper at 650*.

Fig. 6. Fatigue strength of the 2Khl3 steel (quench from 1050* in oil,
temper at 700T). 1) ca_, on-l, kg/mm?; 2) temperature, OC.

(E1229) with the following chemical composition: 0.9-1% C, 17-19% Cr,

_< 0.8% Si, < 0.7% Mn, .< 0.025 S, . 0.03% P.

The Khl8 steel is used in those cases when high hardness is re-

quired regardless of the value of the impact strength, in particular

for cutters, surgical instruments, bearings, pump components, etc. With

WO [ C I = twoi 1

b r*W-0.1 T lOM aa.

Fig. 7. Effect of quench temperature on hardness of the Khl8 (E1229)
steel: i) carbon content 0.7%; 2) carbon content 1.0%. A) Hardness, RC;
b) quench temperature, *C.

regard to its physical properties, this steel is close to the marten-

sitic stainless steels of the preceding groups, but as a result of the

2~451 e;
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TAML7

Hot Work Regime and Application of Martensitic Stain-
less Steels of the Second Group

Q(x2l aawTu Owcrpilhl %. i 7,-900 Zfatm.s,iw C IIIK- W a .,:; It Wr'l. ,11 1sb'i ols
1('IiltPA VHOMII HI1PINN .1540 14050%. I.X10141542tfltn a lotJ II~t~j'I,- ;1 l ,II g~iyl

uZ.lanat2Hile a ai)ae Uwmt r-' 11,11tl ma i.~7' orl~ycn (sit ~iW1P4ez1ii.. NKtti1.ut:; T-4t-

SH&41  e2Wsu~9~rp,2 . ?Isee 1,5ge "Tue ;law hl ls11 31r11.11 .;',. ,u'.tlt

33h'u OWbanpialt 2.4 Mi 40. Nt-90" 3.m~aav C' 103.1- _ýal, ss.iallf.. e, v;

9 1n{aCIH ojeL 1r41- :i.e 11.1,1 a Nar.le. 'TrK ~ .~n' (pthII..I.T9 U willM NOup 145K ib i,-t, :1..Irw t'1,TIlen 10I1.t5IICN II'11 % .T..I t0 ll'i1

C 110111,1111. 11.1411TtIPIll,'CI.10u I tr, ;lo .;Ic ,PIss( 1

.2'p O('TEI fitltlill257 111151. 16 'lTr .1,1 1Nl

.1 II. e M 4.14ct itt.-II I lt 1.1i2 1$ fC1 'lI) 2t fe.. I." - PINV1fit fil 111.(5 lIEPsi

13 nw1.5 lpheu (C C l;iI1Ust 3;Grm-o Tl-.'-.i' 1 rj PT IW 1 ,P IT' I- §it.o- imti. p6 I1 i 5.1C~t S~it It. .- ilXE. lje lit m:'t4 XI pM;IId.J'''I I

0"NIC 21tta"H a13)31.1 3" tp wx
Ilan n-",ooem ecloce(LiN AW N;Ie tIIjip. a TC1.1--llpP61Tt-J

tritnno ,noeauI~f (IT. el

1) Seel;2) frgin regme; ) heatn treatment 4) aplcton0)2
13 (Zh2); 6) slow heting to 8000, then atheaigt150.Tme-

ture a end o forgig 8500 coolin ashesll oiyrp holsndt7iate"frg
ing, anneal at 870~90o0. Quench frm 90t05 ol rai co, eme

ho t sand; 1)afe forging , annm; )eal tratmet 4)~o appenchafrom ; 1001500,

13) 310i1 ; Z~ 14) slow heating ý 0 toh00.Bgn f orghea ing at 11500, Tendra
tuea n fforging at580 , cool in ashes or hot sand; 15) after forgiganeal
inj nelat 870-900@. Quench from 800010500 airoi or oil cool, temper(tre

quired hardness) at 150-3700; 8ti 3eomne ha nemdaeha
treatren betee operf isrationts, betproreaail0 6 parts op qimn o ier-

bureto injeedles, houpeseold bartces; 17) E47h43 (101) slow heatingto80
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struments, carburetor needles, ball bearings, parts with high hardness
operating in wear conditions with high mechanical lcads. Bolts, fit-tings.

increased caxrbon and chrome content it has lower thermal conductivity.

However the temperature of the heating prior to quenching must be

higher than AC3 to obtain full solution of the chromium carbides. Fig-

ure 7 shows the variation of hardness as a function of quenching tem-

perature for steel with varying carbon content: with quenching from a

il I CA ! IH tg

WO , .... l . i .• i t i B +

Fig. 8. Variation of mechanical properties of J~l~hl7N2 steel with tem-
pering temperature: 1) quench from 10300; 2) quench from 9750. A) ObJ'
kg/mm2; b) an, kzm/cm2; c) an; d) tempering temperature, *C.

Fig. 9. Mechanical properties of IKhl7N2 steel sheet after quench from
10400 into oil as a function of tempering temperature. 1) a0. 2, k9/mm2;
2) tempering temperature, *C.

temperature above 10500 there takes place a reduction of the hardness

as a result of the considerable amount of the residual austenite, which

is retained during cooling even to -80%. The mechanical properties (no

less than) of tempered Khl8 steel in accordance with MPTU 2362-49 are: V

ab 200 kg/mm2 , 0.2 . 190 kg/mm2 , 8•2%,1f-,O%,55-60oRC. The forging regime
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foir the KhI8 (E1229) steel is: slow heating from 550%, begin forging at

1130-1170', end forging not below 950% slow cooling after forging In a

1f 1
2 *cevwo .piywM

Mig. 10. Endurance of lKhl7N2 steel after quench from 10500 in air and
,tempering at 530 and,5800 (solid curve is for smooth specimgns, dashed
curve is for notched specimens). 1) Stress amplitude, kg/rrmm-; 2) number
.of cycles to failure, N.

TABLE 8
Mechanical Properties of Mlartensitic Stainless Steels
of the Fourth Group (no less than)

I~ V Tpe ~arox1 O . 6 151 j.6

I X 1.7 11: Xi npyrn"" flaxaaua c 95 -o 110-130 - to - 5.5
(a&:2d8A MIT 23621-19 1040), a Nx1cm,. or.

I ~nyeK fljio 275-:1~,-)'
I Q 31X3.1ma C 1030 J I L 00u9~ 8 62 12 3.15-3.481 U.EJne. OT1uYCH lIjIll

-C" ia 128 w2 i naurp e. 950I1- Ito__ - to - - -

1) Steel; ~2) TU; 3) heat treatment; 4) (gm2 5) a(g/m) )H

(dotp* mm;7) L~hl7N2 (E1268); 8) for rods MPTUJ-; 9) quench from - in

oil, temper at -; 10) for sheets ChMTtJ -; 11) same; 12) temper at 6800.

TABLE 9
Mechanical Properties of lIOhl7N2 Steel at High Tem-
peratures

Tepuni. o6pa6oua 1 Tewn-pa % a* ________

Op" 5800. . *. .4 300 0 11 '54 4 5

500 1 St 5) 95 87 18 8
600 13800 34 - 31 117

1)Heat treatment; 2) temperature, OC; 3) (kg/mm2 ); 4) quench from 100d
inoil, temper at 580*.
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TABLE 10
Hot Work Regimes and Application of lKhl7N2 Steel

1 ow x --- -2 T• a -m . . .OdP. .OmA
vM1ewlemam e no 600% MR. 34RARNq. C 1030-1070. a maa fhsn weml nqmri~paaNUN I 6-4 25', 01. RAN X& mOSAz20, olupc, Vim 230-.v pa 6 a ia. ,o 40w0.O bon" maCOa,.xam..... BOCA* Boone IMe. 700 ape.. vmam ~ nupeopsague** 3apmeawa c 510-1020*s maca. was4 OT ur opE .. .. 66.

1) For§ing regime; 2) heat treatment; 3) application; 4) slow heatingto 800 , forging range 1175-8250, slow cooling after forging; 5) quenchfrom 1030-1070* in oil or air, temper at 230-3700; 6) high strengthparts operating up to 400 in moist medium. Compressor parts: 7) quenchfrom 980-I020° in oil or air, temper at 540-6500 to required hardness;8) anneal at 680.

TABLE 11
Chemical Composition of Martensitic Stainless SteelsSof the Fifth G.'cup

SCnmu 1 m Kn , cr •i, I NI v%) e•. . . . _._. __ ' l r w x. a p -

31$IO112HB A 0.1- <0.6 <0.6 to.5- 1.5- O•I 1,1-2 <.15--.i (0.125 0.08
(3I1661 i 0.16 12 1.6 0.8

2HB•OA 0.09- -0.6 <0,6 10.1- 1.4- 0.1 .1.6-2 0.31--. <0.42S <0.03• " O(3HS04) 0.13 1t I.5 0.13 a <0.004Q
736-)< 0 .6 < 0.6 1 --13 2-- 0 1.6-2.2 TI40.05 <0.025 <0.010• • _____l) 304 0l26

1) SteeL; 2) element content (%); 3) l3!0l2NVMA (RI96l); 4) hFA (.962);,5) l3Kl4NvFRA (EI736).

"TABLE 12
Mechanical Properties of Martensitic Stainless Steelsof the Fifth Group (no less than)

1 Ciaa TY Teva.OG*" ..Las NOW5______________ ___T__ ___________ t(d*., Im
1XI20128K* 'qWT7 93smanina e 5000*,(01t151) 5045.57 oamasmunme I Mac.7 BAN m S6 0-6 K 7 So 5s 6 3.7-8.87 C amA ia 01000..

O10A. O a S4ea..
10yc Be. '10-"400'o 12o 100 12 14 1 3.4- 1.0 iOX12HBMA RUTY I 3."aMa a 1000-S (3H 921) 51 48-57 1020'. e0urayc= up*l 05] T0--050" ,0 -- 0 -- -- --12 30--o50" up 5 -- - -* To me To me Hopman-uxaum Op.12 620-4-0" -- 17 - - -

IIXI4HROPA 3IaamTYa1 0 10•*IO$Ot |0'
L5 (DilII) bQ4-67?' AI RMNN aUrll~ • i be

mama. .. N l , OTc

nYC.: ap- 62u-4-0o, 01 71 IS ?5 I 3J.-3.2." _._ups 510-590* Its to 2 $0 7 A3.35-3.1

•1).Steel; 2) TU; 3) heat treatment; 4) (kg/= 2 ); 5) a, (kgm/cm2 ); 6) HB-(d0 t., m); 7) noh121rVMw (Ez961); 8) ChM -; 9) quench from 1000,
cool in oil or air, temper at -; 10) lOKhl2NVMPA (EI962) (sheets); 11)quench from-, temper at-; 12) same; 13) high temper at-; 14) normal-
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izition at-; temper at.-; 15) 13Kh14NVFRA (E1736); 16) quench from-,
cool in oil or air, temper: at -, at-.

TABLE 13
Mechanical Properties of 10KhIl2NVMFA Steel at Room
and High Temperatures

mfay Co WA~u e ?pE8as Pdw. (*C) ,! )

-- t- uM ,romnunoll floca onmycxa npa 730-750* 6 20 4. I
0.-4^30 55 1

-4oc' e mopuasaveaqtu npin 1000 . oinyew: rp. 20 I -- 17
To Nt' 9 4

2 0
-

6 80
*"8 300 00 --80 50 2

S~600
8 - 600 -65.5 - -

1) Form of mill product; 2) material condition; 3) test temperature,
C; 4) (kg/mm2 );'5) sheets of thickness 0.8-4 mm; 6) after temper at-;

7) sheets; 8) after normalization at 10000 and temper at.-; 9) same.

TABLE .14
Stress-Rupture, Creep, and Fatigua Strengths of lKh-
12N2VMF and 13hIl4NVFRA Steels at High Temperatures

CTS1,l 2 Tepant. o6pa6o•ma Tip. (ael, .a10 ,,11**

9IX 12H2DMXO 6 3a3,0Cnx C 1000", o v.Ma.2enIe a Nac.ae, 450 73 58 50 2:5 (3H961), o'rnYCl nPlH 5d0--580" 550 44, 20 43 2d
(IAHOBI OP .3axnma t5'00. 8l600 27 1s 30 -

LIXIINBOPA i 3axaj.'.a C t10", oLz.' Aere a MUac.Me, 300 85 76 -
(MR730) aornycx npo 580" 450 72 30 -550 30 ,

7 3swa.nia c tO$o. e Z-I9Nl6tm* f 0a5n%, 200W -- M- ao
oTmYcH npM 550, 500 IN9 3u

*On the basis of 107 cycles.

1) Steel; 2) heat treatment; 3) temperature (°C); 4) (kg/mm2 ); 5) lKh-
l2N2VMF(EI961); 6) quench from-, oil cool, temper at -; 7) 13KhI4NVF-
RA (EX736).

furnace heated to 700-725%, hold for 3-6 hours, air cool. The heat

treatment is: quench from 1010-1065%, cool in hot oil or air, temper to

required hardness at 150-370*.

The martensitic stainless steels of the fourth group include the

7Khl7N2 (E1268) steel, GOST 5632-61, with the following chemical compo-

sition: 0.11-0.17% C, 16-18% Cr, 1.5-2.5% Ni, _< 0.8% Si, 0.3-0.8% Mn,

< 0.025% S, < 0.03% P. As a result of the high chrome content, the lKh-

27IN2 chrome-nickel steel has higher corrosion resistance both under at-

mospheric conditions and in numerous chemical media and sea water. The
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addition of up to 2.5% nickel increases the amount of austenite at high

temperatures, which facilitates better tempering of the steel and re-

duces the ,-ferrite structural component (the presence of 6-ferrite

causes difficulty in hot working the steel and leads to high anisotropy

of the properties).

TABLE 15
Hot Work Regimes and Application of Marzensitic
Stainless Steels of the Fifth Group

Craia 1 F Pe*su PORM Tepunt . o6P86oMa 14 , poseseetu

I3XI2HRXM0A Moem.i•iI marpev no fr lpeeaptrt. ?epuim. oBpa&6o a Bwolco ,arpry evi.nhg
(3|1161) IUt', almm 61rTpNwa ao npyro nomfoBoM: oT, Ktr npo *MA..w, pAi6o?-Ioiuie npu

I18" O o1qqmxe 110341 73I)-- 05 , 1Npynmorsdajltm e Yemu-pe .1 60w1. • y.10-
1.p1.D.. 00 Z, 0v1 44Cn0le a 0011031 114 nO23epraaIv1 NO"14l3l"- %V11 rosIIowt. $I)'(No

0s11011143?. Tepmnf14. oapabo"M: 8
akalxa C tO0-1020", oxn1A**

melie uA PnOSYyxe n~f a M3 cae,o~ny411 npli 55o--80*

IOXI2HRMOA MexleKWItHI arpe. Po p•Orpea"ap . lelli,.,1 o0pap or- -C3:6pnae ,,e'rn. pa6o.
(311962) 60.l. IpoxarTa N UI.A : mHa1NA ol*,,r npul 730-750' ralmue ito 6001 a yr.in-

nO1 N a MrepmleO OXo:4aT. rTpuMu . o6pa350"a: was nosin. 1.3*H0-10 |180--000' 13ANS.Ica C 100(1-111' o. rlrl

I3XIAHB*P,,1 MxCVM.•NNI mrpe, Ao !Ipeanpa1 , eep.Fi. 08pY4oi& Burouoarpywewwa;
(311736) 600. ac*i6ew Aeirpl o ma, : nopua.aianuixw e 930-9WuJ, xma.,n, p6oraawo.e A*

S 150*. MKoela a it'reppa, olnycn npip 680'. 0 o)1.13at. To'p- $501 (.Axenu, *1.1, .10-1 as 1150-850o. ounamaie- m*Hu. o6pa6ouma: aakma.,3 C I 0:0, nauN vypuxwu a r. n.)
n10o 30:.1e man3 a ropml- OZJI:a ntHHe 3 MAC.10 M.A1(1 SO1 o-
%M me, fyze, oYfrxUps 540-59u" 1817-

1) Steel; 2) forgig regime; 3) heat treatment; 4) application; 5) 13-
KIh2NVMFA (EI961J);6) slow heating to 6000, then fast heating to 11800.
End forging at 9000, cool in ashes or hot sand; 7) preliminary heat
treatment of rods and forgings: anneal at -, very large forgings are
subjected to normalization from -; 8) highly loaded parts operating at
temperatures to 600* in conditions of high moisture content; 9) final
heat treatment: guench from -, cool in air or oil, temper at -; 10) 10-
Khl2NVMFA (EI962); 11) slow heating to -, rolling and stamping in the
range -; 12) preliminary heat treatment: low anneal at -; 13) welded
detail parts operating to - under conditions of high moisture content;
14) final heat treatment; quench from -, tenper at -; 15) 13Khl4NVFRA
(E1736); 16) slow heating to -, then fast heating to -. Forging in
range -, cool in ashes or hot sand; 17) preliminary heat treatment:
normalization from -, temper at -. Final heat treatment: quench from-,
cool in oil or air, temper at -; 18) highly loaded parts operating to
5500 (turbine disks, shafts, blades, etc.).

The effect of quenching on the mechanical properties of the fKhl7-

N2 steel is shown in Fig. 8.

Effect of tempering on mechanical properties of 1Khl7N2 steel

sheet is shown in Fig. 9.

The endurance of IM1I7N2 steel is shown in Fig. 10. The physical
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properties are: -y 7.75 g/cm3 ; a'106 (1/°C): 10.3 (20-100'), 11.8

(300-4000), 12.4 (400-500°); X (cal/cm-sec-*C); 0.05 (20"), 0.06 (500'),

0.062 (600').

The lJhl7N2 steel welds well by all forms of welding; fillei, wire

is made from the EN400 alloy with NZhl coating.

The martensitic stainless steels of the fifth group combine high

strength with good plasticity and corrosion resistarce. There is almost

complete absence of 6-ferrite in the structure, which permits the use

of this steel in the form of large forgings. The stee! is quite amena-

ble to hot working.

The stress-rupture, creep, and endurance limits of the E1961 and

E1736 steels at high temperatures are shown in Table 14.

With regard to physical properties, the martensitic stainless

steels of the fifth group do not differ from the lKhlTN2 steel of the

fourth group. They well well using all forms of welding, nitriding is

used to give the highest hardness and this somewhat reduces the corro-

sion resistance.

The martensitic stainless steels of the fifth group have found

very wide application as a result of the corrosion resistance, excel-

lent mechanical and processing properties.

References: Spravochnik po mashinostroitel'nym materialam [Hand-

book on Machine Design Materials], Vol. 1, Moscow, 1959; Colombie, L.

and Gokhman, I., Stainless and High Temperature Steels, translated from

French, Moscow, 1958; Khimushin, F.F., Zharoprochnyye stali dlya avia-

tsionnykh dvigateley [High Temperature Steels for Aircraft Engines],

Moscow, 1942; Alekseyenko, M.F., Struktura i svoystva teplostoykikh

konstruktsionnykh i nerzhaveyushchikh staley [Structure and Properties

of Thermally Stable Constructional and Stainless Steels], Moscow, 1962.

M.F. Alekseyenko
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MARTENS METHOD - see Scratch Test.
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MARTENS TENSOMETER is an optical gage for material deformation. It

consists of a bar and a rhombic prism with a mirror. With deformation of

the specimen the prism, clamped between the specimen and the bar, rot-

ates through an angle proportional to the elongation (figure). At a dis-

tance of 250d (where d is the longest diagonal of the prism rhombus) in

the plane of displacement of the mirror there is mounted a rod with mil-

limeter divisions. During deformation a telescope is used to observe

the change of mirror position by means of the rod divisions reflected

in the mirror. Accuracy of deformation measurement is two microns. Two

tensometers are usually mounted symmetrically on the specimen to eli-

minate the misalignment effect and to increase reading accuracy. When

testing under conditions of high or low temperatures, extensions are

used to transmit the peciment deformation to the instrument so that the

Martens tensometer may be mounted external to the furnace or cold cham-

ber.

.1

Schmeatic of Martens Tensometer; 1) rod; 2) prism; 3) specimen; 4) mir-ror; 5) bar.

Reference: Shaposhnikov N.A., Mekhanicheskiye ispytaniya metallov

(Mechanical Tests of Metals), 2nd edition, M.-L., 1954.

N.V. Kadobnova
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MATERIAL RELIABILITY- see Problem of Materiel Reliability.

L)

A
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MAXIMAL CYCLE STRESS is the Cycle stress which is highest in al-
gebraic magnitude (in material testing); equal to the algebraic sum of
the average cycle stress and the amplitude: as's +,=..,..,r,

See Fatigue.

G.T. Ivanov

Ti 
2J6
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MEAN CYCLIC STRESS- the static component of the total stresses

of a cycle (see Fatige) it equals the algebraic mean of the maximum

.and minimum stresses of the cycle:

w * I T 41
@U w *v on3M t

G.T. Ivanov
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MECHANICAL PROPERTIES are the parameters which characterize the

behavior of bodies (primarily solid) under the action of mechanical

forces. The mechanical properties are measured by the stresses (see

Strength), the deformations (see Elongation, Contraction), the work of

deformation, time to develop a definite deformation or to failure, etc.

(see Mechanical Tests). We must differentiate subcritical mechanical

properties occurring without any sharp disruption of equilibrium (hard-

ness, for example), critical and postcritical characteristics after

¶ disruption of stable equilibrium, for example, the nature of the final

portion of the deformation diagram (after reaching the maximal load);

in the latter case it is proper to speak not of the properites of the

material, but of the characteristics of the body which depend on the

properties of the zaterial, the properties of the loading system, the

shape and dimensiox s of the body, and its restraint and loading condi-

tions. Postcritics. behavior is also evaluated by the structure of the

final fracture zones (see Fractography). The environment may have a

significant effect on all the mechanical properties (see Rebinder Ef-.

fect, Corrosional Fatigue).

SReferences: Shaposhnikov NA., Mekhanicheskiye ispytaniya metal-I ov (Metal Mechanical Tests), 2nd edition,. M.-L., 1954; Fridman Ya.B.,

Mekhanicheskiye svoystva metallov (Mechanical Properties of Metals),

2nd edition, M., 19 2.

Ya.B. Fr idman
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MECHANICAL PROPERTIES AT HIGH LOADING RATES are the mechanical

properties which are obtained during loading with a rate higher by

several orders than the rate used in standard testing, for example,

following GOST 1497-61. In evaluating the mechanical properties at high

loading rates we differentiate the variation of the material parameters

due to its structure from the peculiarities of the material behavior

at high loading rates which depend on the deformation and failure con-

ditions (stress state, magnitude of the volume being deformed, etc.).

We differentiate loading rates at which their effects on the me-

chanical properties are limited to: 1) variation with rate of the be-

havior of the physical processes which comprise the plastic deforma-

tion and, as a result, variation of the resistance to deformation;

2) inclusion of the inertial component in the resistance to deformation.

Elastic and plastic deformations are displacements of irert masses. At

deformation rates typical for standard tests, the forces required to

communicate the accelerations to the specimen masses which are dis-

placed during deformation are negligbily small. At high rates they in-

crease and may exceed the strength of the structural bonds of the ma-

terial. At deformation spee-&s which arise, for example, during impact

of meteor particles on a ..etallic barrier, the structural bonds become

negligibly small and resistance to deformation is practically limited

to the inertial component and the metal may be similar to a liquid;

3) appearance of elastic and elastoplastic waves. In this case the de-

formations, failure and their characteristics are basically determined

not by the variation of the mechanical properties withe the rate as ma-
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terial parameters, but by the nature of the behavior and interference

of the elastic and elastoplastic waves.

! The first group includes the cases of loading with high constant

or variable loading rates. The second group includes the cases in which

along with the high loading rate there is high material deformation

rate (as a rule, beyond the yield point). The third group includes the

cases when with given dimensions of the specimen and a finite rate of

propagation of elastic and plastic waves characteristic of the material

the loading rate is sufficiently high so that it is necessary to take

account of the nonsimultaneity of propagation of the load and the de-

formation through the entire volume of the specimen and it is necessary

to examine their stepwise propagation by means of the formation of an

elastic or elastoplastic wave.

First group. Variation of mechanical prop#rties with loading-rates

for which we may neglect the effect of the inertial component and the

nature of the behavior of the impact waves. The mechanical properties

of the materials depend on the loading rate (stress rise): • = da/dT

1 kg/mm2 /sec, where a is stress (engineering or true), r is time. For

jgiven dimensions, construction and specimen material, the rate of in-

crease of the stresses corresponds to the rate of increase of the de-

Sformation - the deformation rate: £ = de/dT 1/sec or %/sec, where e is

Sthe deformation (engineering or true). The specification, regulation

Sand monitoring of deformation velocity during material tests are per-

formed experimentally more simply and more reliably than the specifi-

cation of loading rate (determination of the loading at high loading

speeds is complicated by the difficulty of avoiding the effect of the

inertia of the loading elements of the machine). In this connection the

variation of the mechanical properties at high loading rates is normal-

l related with the deformation rate* It is difficult to define the
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lower limit of the loading or deformation rates with which we should

start to term them high, since the practice of testing the mechanical

properties using the current GOST's gives for the metallic alloys used

in machine construction a wide range of loading rates from l0- to 50

kg/mm2/sec with deformation rates of 5.10-2 - 2) %/sec. Therefore it is

advisable to term loading rates ; > 50 kg/mm 2/sec and deformation rater

S> 2%/sec high. For many metallic alloys, for exrmple those based on

lead, tin and other alloys with low melting point at room temperature

and for the majority of the constructional alloys at the corresponding

temperature level (Fig. la, b), even within the limits of this band of

rates there are observed considerable deviations of the mechanical

properties which require regulation of the deformation rate. Under these

conditions, we must term the lower limit of high loading rates those

rates at which the mechanical properties deviate from those obtained in

testing in accordance with the GOST by more than ten times the error of

the test machine (5 percent for most cases). The upper limit of the

loading rate does not lend itself to definition. The existing hypothe-

ses on the critical velocity as the velocity at which plastic deforma-

tion can not take place and brittle fracture appears do not take ac-

count of the variation of the stress state, the magnitude of the volume

being deformed, and other peculiarities of the high loading rates as-

sociated with the action of the inertial component and the behavior of

the impact waves. Experience shows that completely brittle fractures

are not observed for any loading rate which can be achieved by the pre-

sent testing equipment, and that clear up to loading velocities appear-

ing with impact at a velocity exceeding earth escape speed plastic de-

S formation takes place. The variation of the mechanical properties, as

parameters of the alloy structure, depends only on the degree to which

the dislocational, diffusional, shearing, physical and physico-chemical
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processes which comprise plastic deformation are able to take place.

For the majority of the metallic alloys used in machine design this

situation has been confirmed experimentally.

I 1

0 o, ot as j ai as a$ 6. at a2 al o.4 as ai a?

Fig. 1. Stress-strain relation for various loading rates.* a) for low-
carbon steel at test temperature 9000; b) for Crl8N19T stainless steel.

1) O' O*,/ m2*,2) sec.

The absence of a limiting rate for plastic deformation does not

-mean that it is not advisable to use the term "critical rate" for rates

at which there are observed significant variations in the magnitude of

the resistance to deformation or other peculiarities of the deforma.-

tion process. We encounter the use of the term "critical rate", for ex-

ample to designate the rate at which the metal may be similar to a liq-

uid, since at these rates the structural bonds become significantly

smaller than the inertial component of the resistance to deformation

rate there is a change of the time in the course of which the processes

comprising plastic deformation take place, processes which are schemat-

ically combined into two complexes: strengthening and weakening. ....

The strengthening is basically determined by the degree and nature

Sof the deformation, the weakening is associated only in part with the

degree of deformnation and is determined basically by the time during

which a given degree of deformation is reached, i.e., by the deforma-

tion rate. Consequently, with a lower deformation rate the weakening

process will be able to develop more strongly and with higher rate will

develop less, and the higher rate of deforraition will correspond to the
£2468
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higher strength. In actuality the influence of deformation rate is more

complex. The stress state and the degree of deformation affect the

diffusional mobility and together with it affect the weakening process;

in its turn, strengthening proceeds as a fw.ction of time and is deter-

mined not only by the degree of deformation, but also by those processes

which are caused and activated by the deformation, for example, aging,

dispersion hardening, etc. It is also necessary to consider that the

work of plastic deformation, transformed into heat, causes heating of

the material being deformed. As a result of the local nature of the

plastic deformation, at high deformation rates the redistributing of

the heat generated locally cannot take place throughout the entire vol-

ume of the metal, and the process proceeds adiabatically and leads to

very considerable local increase of tue temperature. During high-rate

deformation of steel, for example, with impact of a shell on armor, the

local heating reaches 9000 and more, austenite is formed which with sub-

sequent cooling (quite rapid into the surround metal) undergoes mar-

tensitic transformation.

Figure 2 shows martensite lamina (the

so-called Krause-Tarnavskiy bands)

formed in this way. Temperature change

is a change of the initial conditions,

therefore variation of the resistance

Fig. 2. Martensitic forma- to deformation in connection with the
tion (Krause-Tarnavskiy
bands) occurring in shear formation of spalling, etc. along the
regions at location of
shell impact on armor. martensitic lamina cannot be related

directly with the effect of rate cn the

resistance to deformation as a material parameter. The-thermal effect

observed with high deformation rates finds application in hig.-velociti

high-rate stamping and other forms of pressure working which are per-
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formed with high deformation rates.

Thu increase of .the strength of the metallic alloys with transi-

tion to high loading rates and high deformation rates is not. large in

the case of ordinary temperatures.

In generalized form it may be expressed by the relation:

In the first approximation the constants B and C, according to Zhurkov,

may be determined with the aid of the par-meters A and a-from the ex-

pression T = Ae. 0 (dependence of lifetime - time to failure . - on the

constant stress a).

At elevated temperatures there is observed a considerably greater

influence of rate on the resistance to deformation than at 200. This is

explained by the more intense process of strengthening and weakening at

higher temperature. For certain alloys there are temperature ranges in

which increase of the loading rate by two orders, for example, from 1

to 100 kg/mm2/sec, leads to an increase of the ultimate strength by 100

percent or more. As a rule, the strength increase is not associated in

a linear dependence on the rate. The superpositioning of the strength-

ening and weakening processes leads to a complex dependence of strength

on loading rate; for the majority of the constructional alloys used in

machine construction, the maximal strength increase at elevated temper-

atures is observed with a relatively small loading rate increase and

this increase is less at the high-r rates. On reaching a definit value

of the loading rate, the further increase of strength becomes negligible

(Fig. 3). For certain of the metallic alloys in which the aginh, dis-

persion hardening, etc. processes take place in the temperature range

in question, for example, the V95 aluminum alloy, there may be a devia-

tion from the general rule and the strength may decrease with increase

.of the loading rate in some range. A similar deviation is also observed

2470.



II-84WM
in the nickel-base alloy E1868 (Fig. 4), although this alloy is not
one of the aging alloys and soaking at temperature alone without stress-
ing does not lead to age strengthening. In this case we must take ac-
count of the activation of the processes of decomposition of the solid
solution under the influence of stress and deformation.

120,for sba-e,.g
0 I I I

S 4 s 0

Fig. 3. Variation of breaking stress a with loading rate a, and load-Ing rate rise bo for the titanium alloy2 OT4,, for Khl8N9T steel, for thenickel alloy Kh2ON8OT (E1435); a (kg/mm /sec) is the first derivativeof the stress with respect to loading rat and characterizes the load-ing rate; F (kg/mme/sec2) is the second derivative of the stress as afunction of lo~din rate and cbaracterizes the increase Qf the loadingrate. 1) kg/mm /sec ; 2) kg/mm='; 3) Kh - N - T; 4) kg/mm='/sec.

t) oo 1W J0 400 Soo soo WOo

4
Fig. 4. Variation of breaking stress with loading time ' (sec and 2loadin rate & (k&/mm/sec), and increase of loading rate
/sec 2 ) for alloy EI868 at temperatures of 800 and 900% 1) 1me/sec 2
2) kg/mm 3 (sec); 4) kg/mm /sec.

Second group. Mechanical properties at loading rates for which the
inertial component becomes commensurate with the resistance to deforma-
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tion. The loading rate level at which it becomes necedsarj to take ac-

count of the inertial component is determined by the deformation rate

andl in this case it depends to a considerable degree on the deforma-

tion magnitude. At stresses below the elastic limit the effect of the

inertial component may be neglected, even at the highest loading rates

which are possible in machine design practice, for example, 108 kg/mm2/

/sec. As a rule, the inertial component shows up at stresses which lead

to plastic deformation, and in these cases the loading conditions are

given not by the loading rate, but by the rate of deformation as dis-

placement, and the variation of the strength as a function of tha rate

has the form: ,.(v•.,-+A' , here v and v0 are the rates of deforma-

tion as displacements, for example, the rate of penetration of the in-

dentor; ca is the strength at the rate vo; av is the strength at the

rate v; p is the mass density of the alloy; K is a coefficient char-

acterizing the geometric conditions of the deformation, for example,

the shape of the head portion of the indentor. For an indentor of con-

ical shape K = sin /2, where . is the cone vertex angle.

300~SI lI

200 400 600 800 1WO
b C,•.cs ... ,ea ..d.,os. a/cs

Fig. 5. Variation of strength (hardness HB) with indentor penetration
rate: 1) 9g0 cone; 2) 600 cone; 3) 370 cone; a) a, kg/mm2 ; b) indentor
penetration rate,, m/sec.

Figure 5 presents the variation of the strength (hardness) with pene-

tration rate, and Fig. 6 shows the variation of the strength with de-

formation rate for typical metals. Two regions are clearly present: an
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0e. .4 0.i'

Fig. 6. Variation of strength (hardness HB) with deformation rate •.
I) ig HB ka/Imm,? 2) deformation rate, mnsec; 3) dural; 4) armco iron;
53 copper; 6) aluminum; 7) lead; 8) ig e %/sec.

initial region with quite flat rise, hardly noticeable for the stronger

metals, and a subsequent region with a steep rise of the curve, which

characterizes a rapid increase of the resistance to deformation. The

sharp boundary between these regions gives basis for some authors to

term the rate which characterized the transition from one region to the

other the critical rate. The considerably greater rise in the first re-

gion for lead is explained by the fact that in lead under the penetra-

tion conditions with an initial temperature of the metal of 20* recry-

stallization andother weakening processes may take place, in connec-

tion with which the importance of the deformation rate is emphasized

and the exponent n increases. With increase of the test temperature, an

analogous change of the initial region of the curves will be observed

for the metals which are stronger than lead as well.

Third group. Mechanical properties with loading rates for which

the deformation process is characterized by the propagation of elastic

and elastoplastic waves. With explosive action or the impact of a shell

with sufficiently high velocity, there is created a special form of

loading involving the formation and propagation of an impact wave. When

the wave reaches the section in question there is an instantaneous,

i.e., in a time interval which cannot be accounted for as it is incom-
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mensuraly small in comparison with the time for passage of the wave

through the given section, increase of the stress and then a decrease

following some particular law. Such a loading, as a rule lasting a very

short time interval (microseconds), is termed impulsive. The passage

of shock waves causes several specific effects. In Fig. 7 we see that

on reaching a free boundary a reflection of the wave takes place, the

wave changes sign.

Fig. 7. Schematic of reflection of elastic wave from a free boundary of
a body. 1) Free boundary of body; 2) tension; 3) compression.

If a compression wave arrives at a free boundary, a tensioz, wave is re-

flected. The appearance of tensile stresses may lead to failure of the

material. In those cases when, for example in a plate subjected to the

action of an explosion, the fracture due to the reflected wave takes

place from the normal stresses, it is of a brittle nature. This frac-

ture may be multiple, since the cleavage surface becomes a new free

boundary and in turn causes reflection and superpositioning of a new

wave - tensile -on the continuing motion of the compression wave. Fail-

Ure from impulsive stresses of the opposite sign from those communi-

Scated by the applied external impulsive loading is observed also with

rapid removal of very high impulsive loads. Thus, a lead sphere sub-

jected to hydrostatic compression by a pressure of about 100,000 atmos-

pheres will begin: to expand after rapid .removal of the pressure (in the

course of .several microseconds), during expansion the elastic energy

jaccumulated during the compression transitions into kinetic energy. At
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the instant of return to the original dimensions a very high rate of

displacement is developed, the inertia of the displacing particles is

considerably greater than their structural bonds and the sphere frac-

tures from normal tensile stresses. Impulsive loads also create very

high stresses, reaching 105 kg/cm2 . With normal stresses of 105 kg/cm2

the deformation has significant peculiarities. A slight degree of de-

formation at these loads, for example characterized by a degree of re-

duction of 5 percent, may lead to strengthening which with static ap-

plication of the load would correspond to a degree of deformation larger

by an order of magnitude (50%). This is explained by the fact that with

high impulsive loadings and small reductions the deformation is concen-

trated primarily within the limits of the individual grains, within

which there are observed intensive shearing phenomena and also twin.-!

ning (Fig. 8). Intergranular deformation is quite slight and hardly

noticeable. Shearing and twin formation, beginning in one grain, con-

tinue into another as if the grain boundary did not exist (Fig. 9).

We must differentiate between impuls-

,l .ive loads and impact loads, which rise,

last and fall in the course of smallJ time intervals (seconds and fractions

Fig. 8. Complex twinning of seconds) and which, as a rule, are
system in grain of Had-
fiedl steel'with impulsive insufficient for complete manifesta-
loading (pressure 250 Kilo-
bars, deformation bout 5 tion of the effect of the inertial com-
percent).

ponent and the propagation of shock

waves. These loads include those which arise with rapid change of the

velocity of motion of machine components which takes place with impact

of one body on another. We must point out that not all the forces aris-

ing during rapid change of the velocity of motion of machine parts may

be associated with the impact loads, In those cases when the rapid
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Fig. 9. Twin formation in soft steel with impulsive loading. The twins
propagate through the ferrite and pearlite grains as in an isotropic
material, without noticeable deformation of the grains.

change of velocity of motion of the parts is the result of the kine-

matic scheme of the machines and does not depend on the quality of the

material of the parts, but is determined by their mass and the veloc-

ity change# the loads are considered to the dynamic. The impact loads

differ in that their magnitude is determined not only by the change of

the momentum of the impacting bodies, but also the mechanical proper-

ties of the material (elastic and plastic moduli, elastic and yield

limits, plasticity). For a given change of the momentum the magnitude

of these properties determines the change of the kinetic energy of the

iMpacting bodies, the time and the formce of the impact. Impact loads,

Just as the impulsive loads, are a particular case of the dynamic

loads, which include all the one-time and repeated loads arising as a

result of various factors: during impact, rapid loading change, as a

result of vibrations, etc. A typical example of impact loads is impact

strength testing. From the definition of impact strength it follows

that its parameters are the result of the change of the kinetic energy

of the moving mass of the tester which is expended on breaking the

specimen; as a rule, the force and the deformation occurring in this
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Fig. 10. Variation of impact strength as a function of the impact ve -locity:'a) Steel after tempering at 2000; b) steel after tempering at6000; 1) kgm,/cmýý; 2) steel; 3) impact velocity, m/sec. J'

case are not determinad. The deformation arate .may be accounted for in-
directly from the impact velocity (the velocity of the impacting mass
.of the tester at the instant of encountering the specimen). With in-

Screase of the impact velocity there is a change of the impact material
strength (impact strength in the present case). Depending on the nature
of the alloy there may be observed either a .steady increase of the im-

pact strength, clear up to the very highest values of the impact veloc-
.ity (200 m/sec), or the presence of a maximum. The .•first type of rela-

Stion is observed, for example.. for low-annealed quenched constructional

steel, the second type is found in hig~h-annealed steal (Fig. 10).
• N.M. Sklyarov

• o
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MECHANICAL PROPERTIES AT HIGH TEMPERATURES. With increase of tem-

perature the mechanical properties which characterize the material

strength diminish while the plastic properties increase. At high tem-

peratures many materials undergo physico-chemical transformations (pre-

cipitation of strengthening phases, coagulation and dissolution of

phases, oxidation, particularly of grain boundaries, and so on). De-
pending on the nature of these transformations., there may be observed

marked deviations in the shape of the strength and plasticity curves

as a function of temperature, and also a change of the nature of frac-

ture. Precipitation of the embrittling phases along the grain boundaries

in a definite temperature interval may lead at these temperatures to

K transition from fracture through the grain body to intergranular frac-

iture with marked reduction of plasticity. The phenomenon of overaging

(see Aging of the Aluminum Alloys) in the aluminum alloys leads to a

considerable reduction of elongation at various (depending on the •lloy

composition) temperatures in the 150-250 range. Reduction of plastic-

ity at certain temperatures is alos observed for many copper alloy ,

steels, titanium alloys, etc. Among the strength characteristics those
Il

depending most strongly on temperature are the static properties which

characterize the resistance to plastic deformation - hardness, ulti-

mate strength, yield strength. Depending on the peculiarities of the

alloy, there may be observed both cases of sharper reduction of yield

point than ultimate with temperature increase, and the opposite.

In low-alloy constructional steel, for example, the ultimate

strength hardly changes up to a temperature of 300-350°, while the'
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yield strength diminishes by 15-20%. On the other hand, in material
) made from SAP-3 sintered aluminum powder, increase of temperature to

2500 causes a marked (by 40%) reduction of ob, while the yield point

is changed very little. Temperature has considerably less effect on

the fracture resistance and the structurally-insensitive properties -

normal elastic modulus and shear modulus (Table 1). The shear modulus

diminishes somewhat more strongly than the normal elastic modulus with

temperature increase, while the Poisson coefficient increases. For re-

tention of strength at high temperatures, the greatest importance lies

in such physical properties as the energy of the interatomic bond and

the melting point of the metal. Therefore the illoys based on the re-

fractory metals (W, Mo and others) weaken less with temperature increase

than the alloys based on nickel and iron, which in turn surpass in this

respect, for example, the magnesium alloys, since magnesium is the ele-

ment having the lowest melting point and energy of the binding forces

of all the metals which serve as bases for the constructional alloys.

The mechanical properties of alloys made using the same basis may to a

considerable degree be improved by alloying (see Wrought High Tempera-

ture Nickel Alloys), by variation of the alloy structure. The alloying

elements which increase the strength of the interatomic bond and the

diffusion activation energy have a favorable effect on the strength at

high temperatures. In this case there is an increase of the stability

of the solid solution and the diffusion processes are retarded.

The grain boundary properties and the grain size are of great im-

portance. The nickel-base refractory alloys have the best resistance to

fracture under long-term loading with grain size No. 2-3; the stress-

rupture strength is reduced with a fine grain structure. However the

fatigue resistance at high temperatures diminishes with increase of the

grain size. The presence of a fine intermittent framework along the
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TABLE 1
Normam Elastic Modulus, Shear Modulus* (E, G, in
kgj/zmz) and Poisson Coefficient (p) of Some Steels
and Nonferrous Alloys as a Function of Test Tem-
perature

"" U • " U •"AHN ynp)r(c 2 Loo aoo f o t 0 soo sxo '
S.. .. .-..-... ... .. . .. . -,, i

1 1,- 20 1o 2'00 1°00 140" 5JO Io GU OO v fl*CssSOXYCA E 12161%0 1201"00 179#400 11750 11110117#1010) -
G a 0086 100 81(1 TIM11 7 1S0 1 lI 6 6701) ~
0 (0.231 0.2 0.24 0.24, 0.2s 0.27 -

Tme"e n CA6T O 12800 650 0 --

0, 11 030-I ., 't
0.3 0.39 0.40

AIa 0 V803 2450 31
MlJ I@ I 0 0,23,1 240 33 "- B

4 (0.33 0.39 0.60 -

Koftems8 c"uaam ft 220001 - 1 120500 - 101 70) Ifg
X(80 TD 081, 6,000.25 I 5o 0.-380[

*Determined by elaetrodynamic method from resonantfrequency.

1) Alloy and temper; 2) elastic constant- 3) temperature (*C); 4)
30XhGSA steel; 5) VT5-l titanium alloy; t) D16T aluminum alloy; 7) ML10
magnesium alloy; 8) KhN7OVMTYu (E1617) nickel alloy.

grain boundaries improves the strength of the alloys at high tempera-
itures.

For the designer the efficiency of application of a particular

material for service at high temperatures is determined not only by the

absolute values of its elastic modulus, ultimate and yield strengths;

of decisive importance is the specific strength and the specific stiff-

ness of the materials. With respect to specific strength under short-

term loading, the optimal materials are: aluminum alloys at tempera-

tures up to 150-1750, high strength steels at temperatures to 300-350O,

steels of the intermediate class at temperatures of 500-550, nickel-

base alloys in the temperature range 600-10000, alloys based on the re-

fractory metals at temperatures of i000 and abov=. The titanium and

nW4•'esium alloys are of particular interest in connection with their
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high specific stiffness (Fig. 1).

ANT

4P
sold" $7 3

Fig. 1. Specific stiffness of constructional materials as a function
of temperature. 1) Specific stiffness -; 2) MLIO; 3) Dl6T; 41 VT5-l;
5) chrome; 6) VKS-l; 7) E1617; 8) VM-; 9) test temperature, C.

Increase of time of application load at high temperatures leads to

weakening of the metals and alloys, and in many cases to their loss of

plasticity. For a given temperature the degree of weakening depends on

the Characteristics of the alloy, so that in some cases materials which

have higher resistance to creep and fracture with comparatively short-

term application of load will be inferior or equivalent to alloys which

were previously weaker (Table .2).

TABLE 2 A very important characteristic of

Weakewiing With Time of
....Nick-Base High Tempera- the constructional materials is the ratio
ture Alloys of the yield strength to the ultimate

- lpern. IIMAC 14 Jb~ flpnh oa O-

2 ' strength (aO,2/ab), which establishes,

o tIo Soo 0 oo in essence, the magnitude of the safety

* ou %. 34•r' . 3, factor which the designer can assume in

* .1.. 1 291 1 9 13 "I 01 a the design of statically loaded struc-.'I 9 34 2 4 1.2I 10 -

tures and thus determines the weight of

.1) Test temperature (oC); these structures. As a rule, with in-
.2) alloy; 3) stresA-rup-
ture limits (kg/mýn) after
time (hours); 4) alloy; crease cf temperature the ratio 0, 2 /Ob

*..5) E1" "diminishes, although this ratio remains

.nearly constant for certain alloys (for example, for the SN-3 steel) or
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TABLE 3
Ratios a0, 2/b and 00,2/100/100 for Some Construc-
tiona.l Materials2 ........ 3.+ MAD MAO.7 4, isiT .-R i,,,

J. O It 3i A OqA !W , Wi* 17,.I I __

I o 0.77 04 .4 :7 .300 0.77 0.4 0. 0.7-0.5 0. ..

I00 0.77 -- - -- -- ' . "4 - --.--

100. . . o.7 8 - - -7,#0 . .. 0., - 0, .

1) Test temperature (C); 2) D16AT; 3) VAD23; 4)°W14

5.Khl5NM (sN-4), +)wI437.

0.•.I30 N Ci I g1-

--------to o 0 0 6 80O 1000
9 T.uamp"m OcnA&MIM., IC

Fig. 2. Ratio l/ab for various constructional materials as a func-
tion of temperaet+e. 1) VM•-; 2) V95; 3) VT5; 42 D16AT; 5) SN-3; 6)
AM96; 7 30KhGSA; 8) El68; 9) test temperature, C.

even increases (for example, for the MA13 magnesium-thorium alloy) is

a definite temperature range (Fig. 2). At a given temperature the ratio

of the creep strength to the stress-rupture strength (for the same test

duration) may differ significantly from the ratio aO.2ýb (Table 3),

and depending on the temperature and the duration of load application -

the conditions establishing the strengthening and weakening processes

in the alloys - this difference may be in favor of the ratio o0. 2/Cb or

vice versa. This characteristic must be taken into account in the se-

lection of the safety factor for statically loaded parts operating for

long'periods at high temperatures. In many cases, for example for

structures with a high'ratio of short-term loadings or for structures

designed with large values of the safety factor, the heating duration

j 62482



II-85M5

(without load or with low load) has an important effect on strength and

plasticity.' Under these conditons the weakening of the alloys is con-

siderably less, which makes possible the use in these cases of alloys

of a particular group for service at higher temperatures. The creep and

fracture strengths depend on the form of the stress state. There are

indications that the creep of the wrought metals is higher with compres-

sion than with tension, while for the cast metals this phenomenon is

only slightly noted. At high temperatures smd static loads the metallic

alloys usually do not show notch sensitivity, or it is very slight

(see Stress-Ruptur Strength), which, apparently, is associated with

reduction of the deformed volume in the presence of the notch.

Scale effect on the creep and stress-rupture strengths has received

inadequate study. There are indications that with an increase of rod

diameter the stress-rupture strength increases and the creep rate di-

minishes, while with increase of rod length, on the other hand, the

lifetime is reduced. Reduction of the stress-rupture strength with re-

duction of rod diameter is related to the negative effect of work hard-

ening of the surface layer of the specimens during their preparation

and the stronger manifestation in this case of oxidation of grain

boundaries. The influence of work hardening on creep and stress-rup-

ture strength depends primarily on the operating temperature of the

part: work hardening may be advantageous for comparatively low temper-

atures; at temperatures at which work hardening accelerates the dif-

fusion processes and makes the alloy structure less stable, the creep

rate is increased under the influence of work hardening, and the stress-

rupture strength is reduced. Of particular importance for strength at

high temperatures are the condition of the surface layer, surface

purity, residual stress state, presence of work hardening, etc. Elec-

tropolishing and annealing to remove the residual tensile stresses have
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a positive effect.

Usually the mechanical properties at high tumperatures are deter-

mined in an air atmosphere. The creep and fracture (stress-rupture)

strengths may be altered significantly in a vacuum, in a neutral gas

atmosphere, in liqoid metals, etc. It has beýen established that at high

(for a given alloy) temperatures and low stresses the creep rate is

less In an air atmosphere than in a vacuum as a result of metal evapo-

ration. On the other hand, at low temperatures and high stresses the

stress-rupture and creep strengths are higher in a vacuum, since the

vacuum protects the metal from oxidation. Contact of materials with a

liquid metallic medium, which reduces their surface energy, leads to a

reduction of the breaking strength and, consequently, cf the streab-

rupture strength as well. A negative action of the liquid medium is

mnmifested at those values of temperature, stress and duration of load

application for which the breaking strength becomes lower than the re-

sistance to plastic deformation. The creep and fracture strengths un-

der static loading vary with the action of irradiation. The nature of

these variations depends on the radiation sources, the test temperature

and the level of the applied stresses. At temperatures which are not

very high for a gi.ven material, the creep may be reduced as a result

of the barriers to creep provided by the interstitial atoms; but with

irradiation, on the other hand, there is an increase of the total num-

ber of vacancies and, as a result, there is an increase of the coef-

ficient of diffusion, which for certain conditions may lead to intensi-

fication of creep. The breaking strength is reduced under the influence

qf irradiation; with a considerable reduction of the breaking strength

there may occur premature fracture with long-term loads. It has been,

qstablished experimentally that irradiation of a zinc monocrystal by

0-particles reduces the creep rate, while irradiation with neutrons
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increases the creep rate. At 500 aluminum creep is not altered under

the influence of neutron irradiation by a beam of 1.3.1012 n/c2. The

ultimate strength of the wrought high-temperature alloys - Inconel,

Inconel X, Hastelloy C - increases by 40-50 percent under the influence

of irradiation by a neutron flux of (4 - 5) i0 19 n/cm2 with compara-

tively slight reduction of elongation.

With increase of the temperature the fatigue resistance is re-

duced, although to a lesser degree than the stress-rupture strength,

so that at some temperature the stress-rupture strength becomes lower

than the fatigue strength. A slight reduction of the fatigue strength

in a quite broad temperature interval is characteristic for many con-

structional materials - steels, high-temperature alloys, aluminum al-

loys, etc. (see Mechanical Properties With Repeated Loads).

S.I. Kishkina-Ratner

2485



xz..85M8

MECHANICAL PROPERTIES AT Lc• TEMPERATURES. With reduction of tem-.

perature below room temperature the mechanical properties of the metals

.. nd -their alloys change, and various types of change may be observed

depending on the type of crystalline lattice, the structure and purity

of the metal, the loading conditions, and other factors (Tables 1-2).

As a rule, at low temperatures the resistance to plastic deformation

(yield point, ultimate strength, hardness) increases; the yield point

increaces particularly sharply for the materials with body-centered-

cubic (BCC) lattice (Fig. 1), for materials with face-centered-cubic

lattice (FCC) the yield point usually increases less than the ultimate

strength. Resistance to brittle fracture (Table 3), modulus of normal

elasticity, and shear modulus (Table 4) change little at low tempera-

tures. With temperature reduction the plasticity and viscosity usually

diminish, which is seen particularly strongly in the metals with BCC

lattice, while for the metals and alloys with FCC lattice the plastic-

ity either diminishes slightly (nickel-base high-temperature alloys,

i I

I. -

Fig. 1. Variation of yield strength and
brittle fracture strength for certain
metals with reduction of temperature.
1) kg/m. 2) brittle fracture; 3) yield

6 rength. -
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Fig. 2. Variation of impact strength of certain metals and, alloys wit4temperature reduction: 1) Alloy Yt.; 2) steel 30KhGSA (a• = 200 kg/=m );

3) steel 30KhGSA ( = 120 kg/,mmi); ) s t eel 45; 5) allo; AMg.

a) kg/cm2 .

certain aluminum alloys), or increases (copper and its alloys). With

temperature reduction the sharpest decrease is that of the impact

strength (Fig. 2); in many of the structural steels, nickel and titan-

ium alloys there is observed a smooth decrease of an, while for iron,

carbon steel, molybdenum and certain other materials the decrease of

the impact strength (or plasticity) takes place in a narrow temperature

range, termed the critical brittleness temperature interval. In this

interval there is a transition from ductile fractures to brittle cry-

stalline fractures, with low values of plasticity and ductility. Some-

times this transition is manifested so sharply that we speak of the

critical brittleness temperature. The formationt of brittle fractures

with reduction of the temperature is termed cold shortness. For cer-

tain materials the temperature for the transition to the brittle state

may be considerably above room temperature (Fig. 3). The mechanical

nature of cold shortness is explained by the well-known Ioffe diagram.

With reduction of the temperature, for the cold short metals the yield

point increases sharply (Fig. 4a) and, beginning at some temperature

(critical brittleness temperature), when the yield strength becomes

greater than the tensile strength, only brittle fractures can be ob-

served, while for the noncold short materils the yield strength may

be considerably below the tensile strength clear down to the very lowest
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Mechanical Properties of Pure Metals at Low Temperatures
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Fig. 3. Effect of temperature on plasticity of iron, molybdenum, tung-
aten and tantalum (tantalum is upper horizontal curve).

K.o

I It
Pie. 4. Ioffe diagram in application to cold-short iron and to noncold
short aluminum: a) von; b) aluminum (Sot is resistance to tensile
fracture). 1) k.•/Om.
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TABLE 2
Mechanical Properties of Steels and Alloys at Low Temperatures
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5) steel 35, normalized bar; 6) steel 45, bar, quench and temper at
5500; 7) 12KhN3A, bar quench and temper at 560°; 8) 18KhNVA, bar quench
and temper at 170"; 91 E1519, bar, quench and temper at 2000; 10) EI659,
bar, quench and temper at 500 ; 11) 4OKhWA, bar, quench and temper at
560°; 12) 30KhGSA, bar, quench and temper at 500 ; 13) 30KhGSA, bar,
quench and temper at 2008; 14) 30KhGSNA, bar, quench and temper at 2000;
15) 30KhGSNA, bar, isothermal quench at 3300; 16) E1643, bar auench
and temper at 225*; 17) 50KhFA, quench and temper at 4000; 16) 35KhGSA,
cast, quench and temper at 650; 19) VLID, sheet, quench and temper at
210"- 20) 25KhGSNA, bar, temper at 5000; 21) stainless steels; 22)IKhl6N9 bar. quench from 1050"; 23) lKhl8N9T, bar quench from 1050';
24) KhlANIB (E1402), sheet, quench from 1050"; 251 E1268 bar, quench
and temper at 560'; 26) E1268, bar, quench and temper at t6o'. q
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Table 2 Continued
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temperatures (Fig. 4b). Many hypotheses have been suggested to explainthephysical ature of cold brittleness (twinnindg impurities, and
others). Man experimental data favor the impurity hypothesis, which
relates the o-1set of brittleness at lower temperatures with the fact
hat the impVuety atoms embedded in the lattice of the basic solid so-
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TABLE 3
Resistance to Brittle Fracture
in Tension of High Alloy Steels,
Quenched and Tempered at 2001

,.20* -- I06*

-it r-

457 220 . 245
.'o Ito " I G 2,0 10.e

1) Steel; 2) (kg/= 2

crease of So at -19ýi ())U.

TABLE 4
Elastic Moduli of Some Metals at Low Temperatures

V) Al Img TI X., I U

2C j T * cams ~ Cf~a

+ *20 7100 4400 10500 30000 310001 7006 4200 11200
-- 1R 7700 4700 11500 30J 00 31000 20:0 5 1000 1240
-253 MSOO 4800 12100 31100 33000 - 1o00 12450

=1290 2110 1660 400 11550 -" 1- -Z 460
-- 18 2010 #g20 45o 0 IttOo - -- - 4710
-2=53 4020 400 4020 12040 - - - 4150

1 Elastic modulus (krm2 ); 2) temperature (*C)
aluminum alloy V95; 4) magnesium alloy VM51-

5 titanium alloy VT6.

Fig. 5. Curves of impact strength of chrome-moly steel (0.31% C, .3-3%
Mo, 1.05% Cr, 0.54% Mn) in annealed and improved condition: 1) annealed
at 8500; 2) quench from 850* and tempered at 550*; 3) quench from 8500
and tempered at 650. a) an kgm/cm2 .

lution cause deformation of the lattice in the cold-short materials;

for example, in the BCC lattice these atoms, located at the centers of

the faces or edges of the cube, distort its cubic symmetry and give it

"a certain tetragonality. The lower the temperature, the mote strongly

the embedded atoms deform the lattice, which then leads to a sharp in-
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crease of the yield strength with temperature reduction. In the noncold

short metals with FCC lattice' the embedded impurity atoms located in

the center of the cube do not destroy its symmetry. The fact that many
metals become brittle only in the presence of impurities is also in

favor of the impurity hypothesis. Thus, with the presence in technical

titanium of 0.05% H it retains high reduction (over 50%) at a tempera-

ture of - 196, while with 1% of H there is observed a sharp reduction

of # (from 55-60 to 20%) in the temperature interval from -40 to -800.

In chromium containing 0.02% N and 0.03% C there is noted a transition

from ductile to brittle fracture at a temperature of 6000; however

chromium which is purified of the nitrogen and carbon impurities re-

tains plasticity even at room temperature. Cold brittleness shows up

only in the martensitic and pearlitic class steels and is not manifested

in the austenitic class steels.

Certain alloying elements have-a considerable effect on the cold

brittleness of steel. Within certain limits chromium, manganese, and

particularly nickel homogenize the solid solution of carbon in iron,

which makes the steel less cold-brittle. With increase of the chromium

and manganese content, when a tendency to carbide liquation manifests

itself, the cold brittleness threshold is raised. The critical cold

btittleness temperature interval increases in low-alloy normalized

constructional steel with an increase of the carbon content; in the

quenched and tempered condition with a medium carbon content its effect

depends on the tempering temperature; for high-strength steel the opti-

mal carbon content is apparently 0.3-0.4%, at this content this steel

has the highest tensile strength. Nickel has a favorable effect on the

low temperature properties of low-carbon normalized and medium-carbon

improved steel. Up to/1% chromium has practically no effect on the

critical brittleness temperature of the low-carbon normalized steel,
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then higher content increases this temperature. In the improved temper

the negative effect of chromium begins to show up with content above

2-3%. Manganese with content to 1.5% reduces the critical brittleness

temperature of normalized low-carbon steel, however the presence of

other alloying elements may reduce the favorable effect of this con-

centration of manganese. In medium carbon steel in the quenched and

low-tempered condition, an increase of the manganese content leads to

increase of the critical brittleness temperature. Phosphorus and sili-

con have a negative effect on the low temperature properties, shifting

the critical brittleness interval in the direction higher temperatures.

With an increase of the phosphorus content in low carbon steel from

0.31 to 0.41% the upper limit of the critical brittleness temperature

interval increases from -1450 to 00.

The quenched and tempered steels are less prone to cold brittle-

ness than the annealed steels, and therefore in many cases they have

higher impact strength at low temperatures (Fig. 5). The pearlite of

normalized steel has a higher critical brittleness temperature than

bainite or a mixture of bainite and tempered martensite.

Grain size has a large influence on the tendency to cold brittle-

ness. It is known that with an increase of the grain size there is a

reduction of the tensile strength and, consequently, in accordance with

the loffe diagram there must be observed an earlier (with respect to

temperature) transition to the brittle state (Fig. 6). The unfavorable

effect of coarse grain is manifested Ln all the materials which are

prone to cold brittleness. In molybednum the change from No. 3-4 grains

to No. 7-8 reduces the critical temperature by more than 100* (Fig. 7).

Transition from ductile to brittle fracture with temperature reduction

is also observed for niobium with a BCC lattice, however in comparison

with iron it is less prone to cold brittleness, which is clearly mani-
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rested only with sufficiently large grain size (Fig. 8). in coarse-

grained niobium. at -235' there is observed completely brittle fracture

and twinning in the structure, while at this same temperature fine-

grained niobitrm deforms plastically, there are slip lines and twin-

nling in the structure, the fracture in the neck is of a mixed mature

(tensile and shear). The properties of the noncold brittle materials

in the work hardened condition vary wituh temperature reduction just

the same as in the therrnally treated condition (Fig. 9).

2 o em - eA A

-sto
.00.

-=0-5 a so AtooISOJ W'

Fig. 6. Effect of friegrain size on cod critical brittlybeness tepera-ce
bpeatue, meta2)ugrai siethd (n)braon No.. scale2).ganN.78
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* tT

Fg. 8. Tensile diagrams f niobium with fine (2d 0.00476 mm) grain(curves 2-5) and'with coaýe (2d = 0.1414. cm) grain (Curve 11 for ten-sion ith rate of 2.02.10- sec. a) /

Fig. go-Effect of low temperature on mechanical properties of IKhI8NgTsteel and AMg6 aluminum alloy as a function of treatment regime.1) :kg/m2, 6%; 2) IKhI8N9T; 3) quench; 4) work-hardened; 5) AMg6; 6) an-neal.

$ -M

Fig. i9. EVariaton of ultimatu strength and elongation of basic ma-stereal and weld joint (electro-arc welding) of 30KhGSA steel, uenchedand tempered at 5002 ; l1)Parent metal; 2) weld joint, a) kg/ 6 n

Weld joints of low-alloy constructional steel show greater tend-
ency to .cold brittleness than the patten material (Fig. 10). Weld joints

of the noncold-brittle metals behave at low temperatures qualitatively
just as the parent metal (Table 5) if the welding weakening coefficenet

• - at room, temperature is close to unity,"
The tendency to cold brittleness is intensified under the influ-

" ~~2494.
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TABLE 5 ence of neutron irradiation (Table 6),
Effect of Low Temperatures and a metal which is not prone to cold
on Properties of Weld a
Joints (With Bead Renoved) brittleness in the unirradiated condi-
of Aluminum Alloy Sheets

I..-,. tion (copper, for example) becomes
A,<,,,.., [a,,m.Sj * ,+ a., .8 ,~ prone.

A4 1 "1. 4 ' t I 4. 1 " 2 2I 3 The manifestation of brittleness

1) Alloy; 2) (kg/mm2 ). at low temperatures is to a consider-

able degree associated with the load-

ing conditions (loading rate, magnitude of stress concentration, from

of stress state) and with the dimensions of the specimen or part. With

increase of the dimensions the critical brittleness temperature inter-

val is shifted in the direction of higher temperatures (Fig. 1i). Al-

thcugh cold brittleness is not directly associated with notch sensitiv-

ity (annealed low-carbon stell is not notch sensitive, but has marked

cold brittleness), for the cold-brittle materials the lost of plastic-

ity and ductility with stress concentraticns present will be more

marked for the lower test temperatures (Table 7).

TABLE 6
Effect of Irradiation on Cold Brittleness in Ten-
sion of Titanium (Neutron Irradiation by Flux of
5.1.1019 neutrons/cm2 )

C- Y•rr' q 0*.1,t 0 0 " ) 3 06 2 (KS-AM') 2 6 A )
I ~ l.. , I + - 7" 1 -+201:'" -711" 1 - 196" - Zo 1 _ . -- 14"

n.•ay wkm.a ...... 7b0 :S. : 14 06A7w t~HN .. .. I 761 ~ * I,, 7+$I 1•. .

1) Math-ial condition; 2) (kgJmm 2); 3) unirradi-
ated; 4) irradiated.

Increase of the testing rate usually increases the critical brit-

) tleness temperature (Fig. 12), however, in titanium, whose cold brit- ¼

leness is associated with the hydrogen impurity, the opposite varia-

tion is observed: static tests show titanium brittleness more strongly
2495 '
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TABLE 7
Variation, of Strength and Deformational
Sensitivity to Notch at Low Temperatures

cags _."Mn am a," --z.M)1 Too I -" I Wp111e-I

$3 ~ ~ ~ ~ A 383 
To14814 

01

aI 40 ,311 ' . Il • 1 ~ ,t6 '2,*8 2 0 I S~ .*0 SA, 35 .. 5 4 0 0.5 0,25 OM6 0.03
W8ONrA 5 N*TAS M3 320 370 1.44 1.43 3.45 20 17 4 0,20 0.24 0.00B SnH•N I p. 500". . 146 1 64 134 3.25 1.48 1.05 2.0 fJ 0,2 0.05 0.04 0.03t---° u pw 200* . 215 165 140 1.22 3.01 0.67 8 1.5 0 0.04 0.03 0
SOX M M a, ,00$0-unq. "**am& npu

0a .... . .... 210 200 145 1.31 1,20 0.77 1 4 1 0.IS 0,07 0.32an 343. 1883" up 111)t1 200* . 230 240 133 1.1 1.1 0.,4 5 2.5 1.5 0.13 0.0S 0,07" A0i 13. 5r 5 pNjU 700" 160 175 170 1.6 I3.S 1.37 3.5 3.5 3.0 0.11 0.11 0,1.
to DR17, oa IMan~a e

120p° U bofe . . . 140 355 1.3 1.231 I.3 35 17 3 0,5 0.31 0.33
l 1TO, -,*nr ....... .. 1.40 60 200 1.4 1.33 3.21 4 4 3 0.01 0.0 ,
13 Is.sa1, anna H Nc0 

0-tin 583833 U CU- Is I a 74 1 .O15 3.09 4 6 3 0,25 0.25 0.274 A .............. 7 2 77 77 1.12 1.351 1.0 , 3.5 3,5 3 0.27 0.23 0.33
•4 , m . 24 24 37 33 , 1.19 27 29 20 0,44 0.46 0.,153 M f4. 3a~21 t9 2t 1.0S 0.9$ 0.95 5 2. 5 0.43 0.25 0.37IS rape33U...... 21 20 23 0.85 0.83 0.18 3 2 0 0.42 0.40 0

13 Alloy, temper; 2) ultimate strength of notched specimen, n.3 reduction of notched specimen, # M); 4) steel 35, normal~zed;5) IKhW3A, tempered at 5600; 6) 30KhGSA, quench and temper at *; 7)3oKhGSNA, isothermal quench at 330; 8) El643, quench d temper at.200; 9) E1696 quench and age at 7000; 10) E1878, quench from 12000into water* II1 VT6, anneal . )•1 D16, qiench and age; 13) V95. quenchand age; 14) AMg, anneal; 155 , quench; 16) ML5 , quench and age.

40

2
to

- 40

202

20 - t

*20 .1 -80~ -40 0 40'C
Fig. 11. Cold brittleness curves as a function of specimen diameter;1) Deformation characteristic, *,percent; 2) specimen diameter - mm.
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oo r

?11 ,40i

Fig. 12. Effect of deformation rate (v) on c~itical brittleness tsrper:-

ature of annealed molybdenum; 1) v = 2.8"10 bec-i; 2) v = J4.10" sec -

3) v 0.17 sec 1.a) kg/mm2.

2i 0

Fig. 13. Effect of biaxiality during plane tension on critical brittle-
ness temperature of SAE1045 steel. 1) Critical brittleness temperature,
OC; 2) ratio.

TABLE 8
Fatigue Limits of Certain Constructional Steels at
Low Temperatures

I~~~ cra 2 Cm::l
1~~a f '20i*u 1 -7;." -13p 1 -u~~:5*128

4 A, Amwu% 5 45nWxWP / * b. O"* 12,4 23
* C?". (0.15% C) 'HOnPx, .. '.MOMa-

nWN 22.06 - 0. 5 - -

* C?'Alb tXI X 11 9 Haraplovapmaq 76
tO ARMURnDU' m Unt• a fltA S ,• fl PejS a .WH

crel~peMWbolk 1S t1.1 23 4
12 .•vsmoewt ensa. STS S OyoPUP"n"3 34 37
Ii TtNyAOuP- calas. RCI3CH - a$ *i..

*With N = 106.a
**At - 78%.

***At- 196%.
1) Alloy; 2) temper; 3)a 1  2 at temperatures; 4) aluminum*; 5) an-

nealed; 6) steel (0.15% C); 7) normalized; 8) steel 1Khl8N9i 9) work
hardened; 10) D16 aluminum alloy; 11) quenched and aged; 12) VT6 ti-
tanium alloy; 13) RC130B titanium alloy.

than impact testing. In some cases reduction of the temperature from

+20 to -1960 led to a 10-fold decrease of the reduction in tension, .

24197
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while the impact strength was reduced by only 25%. This is associated

with the peculiarities of the hydrogen brittleness of the titanium al-

loys. The form of the stress state is particularly important. The b

tieness critical temperature increases with increase of the triaxality

coefficient al + 72 + 03/30, (Fig. 13).

The fatigue strength of the constructional materials usually im-

proves at low temperatures (see Mechanical Properties with Repeated

Loads). This observed not only with the noncold brittle materials, but

also with the metals which are prone to cold brittleness (Table 8).

The metal properties at low temperatures are praticularly impor-

tant for the new technology associated with space exploration and the

development of engines using liquid oxygen, hydrogen and other low-

boiling media.

S.I. Kishkina-Ratner
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MECHANICAL PROPERTIES WITH REPEATED LOADS. The resistance to re-

peated loads diminishes with increase of the number of load cycles.

The rate and nature of the strength reduction depend on many factors in

this case: peculiarities of the material (its composition, structure,

heat treatment), loading conditions, magnitude of the stress concen-

tration, dimensions of the part or specimen, surface conditioui, ag-

gressivity of the surround medium (see Corrosion Fatigue), test tem-

perature, etc. Some of these factors (for example, surface work harden-

ing, reduction of grain size) affect the endurance in the region of a

limited number of cycles and high levels of the repeated load (static

endurance) in the same direction and just as effectively as they affect

the fatigue strength for long lifetimes and comparatively low stress

amplitude; other factors (for example, increase of test temperature,

presence of soft cladding layer on the aluminum alloys) usually reduce

the endurance limit to a greater degree than the resistance to low-

cycle fatigue; in many cases, for example after chemical heat treatment

of steel - cementation, nitriding - there is considerable increase of

the fatigue strength and a reduction of the static endurance. Many of

these effects may be explained by the basic laws governing the fatigue

process which are examined in the article on Fatigue.

The mechanical properties with repeated loads are most frequently

characterized by the endurance limit (fatigue limit) or by a limited

endurance strength. The capability of materials to damp vibrations

(cyclic strength, internal friction) is determined much less frequently.

This property is important pr.marily in those cases when it is dif-
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ficult to avoid resonant phenomena during peratiDn of the part, in

which case the greater capability of a material to damp vibrations may

improve the reliability of the structure. Usually the damping capabil-

ity is not related with the fatigue strength and in many cases materi&.ls

with high cyclic strength have a low endurance limit.

900

PWu

0 -V460 Wotoo tI0 180200

Fig. 1. Relation between endurance limits and strength limits for steel
(from data of various authors); 1) kg/=2; 2) smooth specimens; 3)
specimens with semicircular (a 1.9) notch.

As a rule,, with increase of the ultimate strength the endurance

limit increases (Fig. 1)., however for many materials increase of the

static strength is not accompanied by a corresponding increase of the

fatigue strength. For the low-alloy structural steels the ratio of the

endurance strength limit to the ultimate strength normally varies from

0.45-0.55 for the low and medium-strength tempers to 0,35-0.45 for high

strength steel. For the aluminum and magnesium alloys the limited en-

durance strength (on the basis of N =2.107 cycles) is about 25-40% of

the ultimate strength, for the most widely used titanium alloys this

ratio is close to 0.45. The endurance of the nonmetallic materials has

had little study. The following ratios have been obtained for some of

these materials on the basis of N = 107: a_,l/b = 0.3 (delta-plywood

DSPBA)a a_i/ab = 0.2 (PTK textolite), cu-l/cb = 0.2 -0.3 (organic glass).

• In heat treating to a specified ultimate strength there may be a
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• •'[ l'Ri,, If~ l I 1 3 i

Fig. 2. Endurance of SAEl095 steel (type U9 carbon steel) as a function
of the heat treatment regime at hardness RC 53 ama in pounds per din ).

1) a ; 2) stepped quench; 3) isothermal quench; 4) water quench plus
teznp•, 5) number of cyc.Les to failure, N.

1~~5 •eq 95 ... ~
95 -

100

0 'CA 10 A 10 S 00 O 5028

Fig. 3. Effect of nonmetallic inclusions on endurance strength of

SAF4340 steel (similar in composition to 4O0KhNMA). 1) kg/mm2; 2) aver-
age inclusion diameter, 10-5 din. . .

considerable effect on the endurance strength as a result of the in-

ternal stresses caused by the heat treatment, grain size, metap pur _ty

with regard to contamination and nonmetallic inclusions. It has been

shown that stepped quenching, during which the soak above the marten-

sitic point in the zoneof greatest austenitic stability leads to equali-

zation of the temperatures in the center and on the surface of the

specimen and thereby to simultaneous transformation through the entire

volume, gives the steel greater endurance than water quench and low

tempering, in which case for the same hardness the steel has higher in-

ternal tensile stresses (Fig. 2). For this same reason increase of tem-

pering temperature of structural steel from 200 to 400°, accompanied by

a, considerable reduction of the ultimate strength, frequently not oraly

does not lead to a marked reduction of the fatigue strength, but for
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some grades of steel even gives rise to an increase of the endurance.

The alloy melting technology is of great importance. Data have been

presented showing that high strength steel melted in a vacuum has an

endurance limit which is higher by 30-40 percent than that of steel

melted in the atmosphere. The presence of nonmetallic inclusions in

the steel structure leads to a reduction of the endurance limit which

is greater the higher the level of the static strength (Fig. 3). For

many alloys the fatigue strength improves with reduction of grain size,

although the ultimate strength and hardness may remain practically con-

stant in this case. For several grades of brass, bronze, magnesium al-

loys, austenitic chrome-nickel steel, high temperature Cr-Ni-base al-

loys, an increase of the fatigue strength with reduction of grain size

haa been obtained experimentally. For example, in the 70-30 brass in-

crease of the average grain diameter from 25 to 100 microns reduces the

fatigue strength by about 20%. For the cast magnesium alloys ther is

observed a linear dependence between the fatigue strength and the quan-

tity 1/fl, where D is the average grain diameter. The influence of grain

size on fatigue of the aluminum alloys has not yet been fuliy explained:

along with experimental data obtained in the USA on increase of the en-

durance strength by 25-35 percent for alloys similar in composition to

the Soviet alloys Dl, AK2, and AK6, there are also results'7of tests in

Vwhich no noticeable connection is noted between the grain size and the

fatigue strength of the aluminum illoy. The fatigue strength of notched

specimens decreases relatively little with increase of grain size.

"Therefore the effective stress concentration coefficient k0 for the al-

loys with coarse-grain structure is smaller than for the fine-grain

materials. The notch sensitivity coefficient qa varies simil rly. With

increase of the test temperature the nature of the effect of• grain size

on the endurance is apparently retained until the process of !fatigue
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failure develops through the grain body; at those temperatures for

which fatigue fracture begins along the grain boundaries, heat treat-

ment of the coarse grain gives the alloy better endurance.

The wrought alloys have a certain degree of anIsotrophy of the en-

durance limit. The available data show that for structural steel the

fatigue strength across the fiber is lower by 15-35% than for specimens

cut along the fiber, and, the higher the static strength level of the

steel and the less uniform the structure for a given level of ab, nor-

mally the more marked the anisotropy of the fatigue strength. In many

cases a slight anisotropy of the fatigue strengths obtained in testing

smcoth specimens is intensified markedly in the presence of stress con-

centrations (see Table 1). For steel, on the other hand, there are in-

dications that with a considerable anisotropy of the fatigue strengths

for smooth specimens this anisotropy is not manifested or shows up more

weakly in the presence of stress concentrations.

TABLE 1

Effect of Fiber Direction in
Aluminum Alloy Forging Blanks
on Their Fatigue Strength with
Alternating Bending Load N =
= 2.107).

Oflpawa C

Hanpa.xew. oFaur aoM ,j"74
OCuse UPS8NE 06- 0O.,u S O. r 4I "U 0- -0.75 "Mam$ 2 MBauI ( .lpaLs')

AN44 moo• a 13.s 7.5
(j-40$ ;• nonepeK

m o.1oKka 7 13 3.5

a 8;1I7 1o0K 16.5 0.5
(at - 52
u a;.M',) *n OeI•S 15.5

1) Alloyi 2) directton of specimen cut; 3) smooth specimens, a g
/mm•) 2 ) specimens with semicircular notch. r = 0.75 rmm, -1 (kg/

); 5) AK4 (ab = 40 kg/mmW); 6) along fiber; 7) across fiber; 8) VD17

(Ob =52 k ).
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Work hardening caused by p2i"" defformat- •on "r g "

stretching, cormpression) increases the fatigue strength of carbon sti

chrome stainless steel (13% Cr) and 18-8 chrome-nickel steel, 70-30

brass by 10-50% depending on the degree and method or cold working. 1

regard to the aluminum alloys there are indications of unfavorable e:

fect of work hardening on the endurance.

The fatigue indices are characterized by a large scatter of the

irdividual values (see Scatter of Mechanical Properties). The more nc

uniform the alloy structure, the greater the scatter with repeated

loads. As a rule, the high strength materials show a greater scatter

fatigue and strength characteristics than the alloys of medium and lc

strength (Fig. 4). The scatter depends on the cycle asymmetry; for a

given amplitude of stress the scatter with a symn.etric cycle is usual

ly lower than with an asymmetric cycle. The fatigue life scatter in-

creases with reduction of stress amplitude.

o1 g/M0N I

4 0 p 895ywe..,A N

Fig. 4. Fatigue curves Lor symmetrical bending of smoot cylindrical 2
specimens made from forged seme~manuf'actures of V95 (eb = 60-6t5 kg/'mr

202

and DI6 (ob = 50-55 kg/mm ) aluminum alloys. 1) a, kg/mm ; 2) V"95;
3) DI6; 4) number of cycles to failure, N.

4c'~ YUjiA5 S (.ft m.o uid

Fig. 5. Fatigue curves for Aviaetrialloynwith ofalr pobabylityrca 2
spercient obained ino torestn specimenuatrs of varou shape in-6 pur b

20 250

16

12 toL,H t, At

12 1ug I ilT[ mo do po -[ Tm

(,.U¢,,W4 Uje4,) 3 (wmu,,wO umo) 4

Fig. 5. Fatigue curves fox, Avial' alloy with failure probability P=
percent obtained in testing specimens of various shape in pure bendinj

, 2504
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(pur' .... ,in) 14) cyllr'r"c•J1 .. (pure benrding)
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Fig. 6. Effect of frequency on fatigue curve of RR56 (type AK6) aluri-
num alloy: 1) 3835 cps; 2) 1550 cps: 3) 850 cps; 4) 370 cps; 5) 24 cps.
a) ca, kpimrn ; b) nun.ber. of. cycles to failure.

In evaluating the fatigue strength of various semimanufacture.

(for eya'ple, snects and stasmpings) we must keep in mind that the re-

sults obtained in testing specimens of different shape are usually not

comparable (Fig. 5).

As a rule, the fatigue strengths are determined in tests with a

loading frequenc.; of 25-50 cps. Materials which have higher fatigue

strengths under these conditions may be less strong under low-frequency
loading. In particular, the high strength steels, which have a fatigue

strength 20-40% higher than that of the medium strength steels, show

reduced life under repeated static testing in comparison with the lat-

ter. The same is observed in comparing the high strength aluminum al-

loys V95, V93, VAD23 with the medium strength alloys D16, AK6 (see

Static Fatigue). With a frequency increase by one-two orders the fatigue

resistance, as a rule, increases markedly (Fig. 6), and the frequency

effect is manifested more strongly the higher the stress level. A time

dependence of the strength with repeated loadings is manifested in the

frequency effect. For certain alloys this dependence is to a consider-

. , able degree associated with the fact that atmospheric air is a weakly

corrosive medium for these alloys.

In connection with increase of the service life of modern engines,
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'arious sorts of ra.achinrv. :d s .truC1tr,:, for t h. noni.•cin alle:ys, which

do not have a real fatigue limit (see Fatigue), the limited fatieae

strength determined for a large number of cycles is of particular im-

portance. For some alumintu and titanium alloys the available data in-

dicaLr- :'nat ir.crease of the tu. ;', base beyond 10-100 million cycles

does .to*, lead to any significant reduction of the fatigue strength

(Table 2).

TABLE 2

Fat-gue Strength of Smooth Speci-
mens in Symmetric. Bending.

C _ ,w Ls.,dt•) nPff '41¢1r1e fill IMUDlO

Aa2 o 1)3PYmCHI11

t ,: i S. I t' s

:1 3
ST,,wa %B ."1 ,6l. 1 5, 1 4) ~i

1) Alloy; 2) a_, (kg/mm 2) with num-
ber of cylces to failure; 3)
V95T; 4) VAD23; 5) type AB; 6) Vt5-l.

0 33i ts "0 o iS 0 is I 14

I a. ..0-

4 .- ,e/ o6 no•ep./OCMU
S C ., eW .O p. 4C

Fig. 7. influence of average 2 cycle stress cn amplitude of safe stresses
in Mg-Al-Zn alloys. 1) kE/mm ; 2) bending; 3) axial 'load; 4) surface
machining; 5) with casting skin.

The low alloy structural steels of low and medium strength have little

sensitivity to cycle asymmetry. For the brittle material (for example,

irons, cast alloys) the amplitude of the safe stresse diminishes con-

siderably with increase of the mean cycle stress (Fig. 7). Among the

wrought alloys the effect of cycle asymmetry on fatigue strength has

been studied most thoroughly for the aluminum alloys, \for which the
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TABLE 3

Effect of Mean Stress a of Cycle
With Axial Lcding for trought
Alun.inum Alloys*

!'2 4¶T,1lo, '",' IIpfM •' 31

-.,2, ' , I" 11. I;5 2 l ipm Y

Jo I . f,' I4I

2o I'. 17 If. , II
2;1I, 14 I. I *.' II

*Approximate values of a obtained
from graphs are presented.

**Analogous to V95T1.
***Analogous to D16T.

1) Alloy; 2) kg/m2 o

for N. a

TABLE 4

Stress Concentration Sensitiv-
ity !n Bending of Rotating
Spec i:'en

Cr5lan 3
• 45 I 951 5. 1 26 2.A 5 I,• 0,6

31XITIA 4 160 71 o Ij . 1510,450
311643 5 20o h2 54 2 .. 310.53

A" 4 -[ I 13., 4 2 ,2 17 0 !6
?U, t 1.6 0.6

0-16 0 2 1 0

1Msr'm41.awe cnaaSaM 10

Jim ) .71-TA 24 8 6 2. 05t .33J0. 31

*Fatigue strength on basis of N = 2.107
cycies.

**Analogous to AL5 alloy.

1) Alloy; 2) (kg/mm2 ); 3) steels; 4) 3OKhGSNA; 5) EI643; 6) Aluminum
alloys; 71 wrought; 8) VDI7*; 9) cast; 10) magnesium alloys; 11) cast;
12) ML9-T6.

limiting amplitudes decrease sharply with increases of am (Table 3).

The majority of the data on the fatigue strengths of the struc-

tural materials has been obtained from bending tests with symmetric

cycle. For a preliminary estimate of the fatigue strength with differ-
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ent forms of stress state, we must keep in mint the approximate rela-

tions between the fatigue strengths in tension-compression (c.), bend-

ing (a-1) and torsion (T-l); for constructional steel _ - id

-r-!/a-1 = 0.570.6; for the aluminum alloys aPl/a-I = 0.85-0.95 and

TI!/-l = 0.55-0.65; for irons .1/a-l = 0.6-0.7 and 0_-

The fatigue strength of the wrought alloys diminishes sharply in

the presence of stress concentration. Sensitivity to stress concentra-

tion with repeated loading, characterized by the coefficient q,_- ,

where a0 is the theoretical stress concentration coefficient, and k,,

a 1/-1, is not associated directly with the material strength level.

* This sensitivity is usually less marked for the cast alloys in view of

their greater nonhomogeneity than for the wrought alloys (Table 4).

With increase of the theoretical concentration coefficient the notch

sensitivity with repeated loading diminishes for many steels, however -

there are data for SAE4340 steel (type 40KhNMA), the VT5-1 titanium al-

loy and the AK4-1, VD17, 6061-T6 aluminum alloys on increase of q0 with

increase of a0.

The oLcxigth under repeated loading depends on the dimensions of

the specimen or part, decreasing with increase of the size. However, the

greater the specimen diameter the less the scatter of the fatigue

strength. Therefore the fatigue strengths determined for low failure

probabilities on large and small specimens will approach one another

(Fig. 8). The scale effect increases with increase of the test basis.

Scale effect Jn fatigue is manifested more strongly the higher the car-

bon content in the steel, the higher the steel strength level, the

poorer the surface finish, and the higher the stress concentration

(Fig. 9). With increase of specimen diameter k. approaches a. and from

the available data for alloy steels with ab = 120 kg/mm the effective

concentration coefficient becomes equal to the theoretical value with
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i~~ ~~ H 6 ItlI.

-0600JW40 *&ON - - 040AM
2 2

* Fig. 8. Fatigue curves of specimens of various diameters made from the
* AV-Tl alloy with failure probability P = 50% and P = 5%. ) amax, kg/

/ram; 2) c 8-mm-diam specimes.

r0
7' 0.9

" 08

0.6
* as

6 10 Jo '0 60 0 100

Fig. 9. Scale effect factor in bending and torsion for steels and light
alloys: 1) Carbon steel without stress concentration (polished); 2)
carbon steel without stress concentration (ground); 3) alloy steel with-
out stress concentration (polished); 4) alloy steel without stress con-
centration (ground); 5) alloy steel with stress concentration; 6) steel
with nigh stress concentration; 7) constructional steel in torsion;
8) light alloys in bending and torsion.

)00

b 4VCAO AUPWee

Fig. 10. Fatigue curves for bending in one plane for organic glass (ab =

= 625 kg/mm 2): 1) Specimen thickness 3.2 rm; 2) specimen thickness 6.4
mm. a) a_, kg/cm ; b) number of cycles to failure, N.

p

0.8 -

0.63
4

01 - 5
40 60 80 '00 120 140

Fig. 11. Relative reduction of fatigue strength as a function of sur-
face condition: 1) Polished; 2) ground; 3) fine turned; 4) rough turned
5) with scale, a) kg/mm2
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Fig..12. Effect of surface treatment on fatigue strength of FC130B ti-
tanium alloy. 1) a kg/mm2; 2) shot peening; 3) rough turning; 4) grind-
ing; 5) number of aycles to failure. N.

increase of the specimen diameter to 40-50 mm. The scale effect is also

intensified with transition from carbon steels to alloy steels. It is

manifested particularly strongly in the brittle material (Fig. 10).

Scale effect has been studied primarily in bending and torsion, i.e.,,

under conditions in which the reduction of specimen dimensions is ac-

companied by an increaze of the stress gradient across the section.

The strength under repeated loading depends to a considerable de-

P~z on thbp slrf'Rce :_zndt±_z4-;- itr- microreiief, physical properties of

the surface layer, residual stresses in the surface layer - and de-

pending on the material properties and the service conditions, parti-

cular surface characteristics will be of decisive importance. The pre-

sence of machining and grinding marks reduces the fatigue strenth more,

the higher the steel strength level (Fig. 11). .The aluminum alloys of

low and medium strength are comparatively insensitive to the form of

machining. The fatigue strength of the irons is almost independent of

the surface microrelief after machining because of the structural non-

uniformities (graphite inclusions, etc.), which are strong er stress

*concentrators. There are some indications that for certain titanium al-

loys the fatigue strength after grinding is lower than after machining

(Fig. 12). The grinding operation, particularly in materials having low

2510
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thermal conductivity, may lead to the appearance of residual tensile

stresses and grinding cracks in the surface layer, which causes a re-

duction of the fatigue strength. The censitivity of a material to ma-

chinLng shows up more strongly the larger the spccimen or part. Sur-

face finish is particularly important in testing with symmetrical cy-

cles.

Machining not only establishes the surface microrelief, but also

causes work hardening of the surface layer, depending primarily on the

feed, geometry and condition of the cutting tool. Work hardening after

machining, if there is no deterioration of the surface microrelief, in-

creases the fatigue strength.

Special methods of work hardening the surface - rolling, shot

peening - can increase the fatigue strength of smooth specimens of many

constructional materials by 20-40 percent (Table 5). Surface work hard-

ening is particularly effective for materials in whose structure phys-

ico-chemical transformations take place during plastic deformation

(high strength steels, stainless steels of the IKhI8N9T type). In the

presence of stress concentration, the work hLardening effect increases

so much that in many cases the fatigue strengths of work hardened

notched specimens differ little from those of the smooth specimens. With

increase of the lateral dimensions the strengthening from surface work

hardening is scarcely reduced if the relative depth of the work hard-

I ened layer is maintained.

The fatigue strength is reduced in the presence of a soft surface

layer - decarbonized for steel and of soft aluminum for the clad alum-

inum alloys (Table 6). The presence of casting skin reduces the fatigue

strength of the cast alloys by 25-30 percent. The anodic films applied

to protect aluminum alloys from corrosion affect the fatigue strength

differently depending on coating thickness, electrolyte composition,
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TABLE 5
Effect of Surface Work Hardening on Bending F'-•.:4igue
Strength of Constructional Materials

,' I | ao, (U'.uM,') I I "
P111p t qo

Cn~I ~ ra.1RI H c Ha.21en101

6 Crarfb 30v rCA (4o = IJI(.HPrIaaHIFins 7 Al 34,5 1.9 t .75 of $
= 180 RJ,'Meli) I hiaI% .l.faI t dI. iq S '1 1,9 t.31 0.34

9 CTiEb 40X IMA xopm i w- 11.o, ,Immatlrnat 7 30.,2 17,7 3,11 I .71 0.36
108M~aI Hai1Iflannall #&ti~aTKIII 33.7 .10.7 3 ,0 3 .U9 4),, 0

11 XPr, ;Xi'O ,Ball l'Tale J. R ;Ih -IN IU:ll 'lH taH 12 32. 2. - -Ilalama',,i..,,all 'li,;,r1l'. a 62. 41" - ---

Il lllelllttal li/•ll l 17,5, t i 2. 2 1 ,UJ D.u27

14. .Amommitmniilt Cemq~iji 1lj,'17 ll,0.1Hpo~alMR3 "1 16 to 2.4 1,6 !0,8

!1aI•'a•'naHiaN l 11 19 5 17.5 2.0 1.18 0.1•
Is mai"HNnch O enflan %Z-31 Tomma~ ýAyoqma 16 'If - - II . -

(lo -9 X2;...A) I1aHa ll .iiq 17 12 --

U Tianoi'3lR cnmlab '12 l.I li s'iuaHtall 427 2. 1 .5, 0 5

if JR.31.:aHHaH ;I3O11,0 49 3 4 2 . .44 ~0:

*Pulsating torsion.

1) Alloy; 2) surface condition; 3) a-1 (kg/mm2); 4) smooth specimen;

5) notched specimen; 6) 30K2iGSA steel (b = 180 kg/mm2 ); 7) polished;

8) shot peened; 9) normalized 40KnIR4A steel; 10) work hardened by roll-
ing; 11) 18-8 chrome-nickel stecl; 12) unpolished; 13) AK4-1 aluminum
alloy; 14) VD17 aluminum alloy; 15) AZ-31 magnesium alloy (Cb = 29 kg/

/mm 2); 16) Finely machined; 17) work hardened; 18) VT2 titanium alloy.

TABLE 6 surface preparation, presence of

Effect of Cladding on Fa-
tigue Strength of Aluminum stress concentrators, level of the

Alloy Sheet effective repeated stresses.

2 The anodic films, brittle and
9.•I1.'TIHHII• l, • rio a. 1('• MO'• ) rni i'•d.I,

CU1.s PC$1XHOCtH J lI(IQI A

I .,,-. containing internal stresses, obtained

-, - in solutions of HqSO, . with film
7 0 7 . T 3 la K .I d. . • ,r S A7 , t " I x i n - - '

5l1'.AK"j.u<aH"l'$" :"il:~'I ':Jt'thickness of 15 micros or more sig-

nificantly reduce the fatigue strength
1) Alloy; 2) surface con-
dition; 3) limited fa- 2 of the wroughL aluminum alloys. The
tigue strength, a 1 (kg/mm)
on the basis of N" cycles; greatest reduction is observed in the
4) unclad; 5) clad.

alloys of the Al-Mg-Cu-Zn system,

where the presence of a cladding layer diminishes the unfavorable ef-

fect of the anodic film. A thick anodic film either does not reduce

the fatigue strength of the cast aluminum alloys or reduces it only
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slightly. With regard to the effect of thin (5-8 microns) sulfate ano-

dic films, there are data on reduction of the fatigue strength of the

7075 alloys (analogous to V95) and dural only in the area of high re-

peated stresses. It is noted that anodized specimens show considcrably

greater scatter of fatigue life than nonanodized specimens (Fig. 13),

According to some data, anodizing in a chromate electrolyte with film

thickness to 5 microns not only does not reduce the fatigue strength

of the aluminum alloys, but even increases it somewhat. Chromate films

of thickness 10-12 microns reduce the fatigue strength of smooth speci-

mens of the V95 type alloys by 10-15 percent. According to some data,

anodizing does not intensify the effect of sharp notches on the fatigue

strength with N = 107-108 cycles.

24 FTFF~Ihff

1~20
: t " 5i;•&

1Ot '06 I0'M
* 'f ~4 0@O do oolvyw '2

3 POod1pb#O ... 0 4.' 0.*4Poc -

Fig. 13. Endurance curves for anodized and nonanodized specimens of
the V91 alloy corresponding to fracture probability P 50% and P = 5%.

2
1) amax' kg/mm ; 2) number of cycles to failure; 3) anodized specimens;
4) nonanodized specimens,

Galvanic coating used to increase resistance to wear and corrosion gen-

erally reduce the fatigue strength. Depending on bath composition and

layer thickness, nickel plating may reduce the fatigue strength of

smooth specimens of carbon and low-alloy steel up to 40-50 percent.

Chrome plating has a similar unfavorable effect. Electrolytic chrome

plating reduces the fatigue strength of the AK4, AK6 aluminum a.loys by

25-30 percent. In the presence of stress concentration the unfavorable

effect of nickel and chrome plating shows up much less strongly (Fig.

14). Increase of test temperature to 2000 does not eliminate the harm-
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ful effect of anodizin.- and chrome plating on the endurance of the AK4,i
VD17, AK6 alloys. Tin and zinc coatings reduce the fatigue strength of

steel, while cadmium plating has little effect on the shape of the fa-

tigue curve (Fig. 15).

0, ./M.2 A A b

1080

TO" 0 t0 o G w0
B VurA•/n w&• •0•O^v-

Fig. 14. Effect of electrolytic chrome plating on fatigue strength of
smooth (a) and notched (b),specimens of AK4 alloy: 1) Polished: 2)
chrome plated. A) aa k1/znI; B) number of cycles to failure, N.

I4,-

'0 0 45 ' 06 '010i u.~*R

FIg. 15. Effect of surface coatings on fatigue strength of steel with
0.66 percent C and 0.71 percent Mn (a = 148 kg/mm2 ): 1) Normal treat-ment; 2)cadmium plated; 3) zinc plated; 4) tin plated. (Curves plotted

from minimal values obtained in tests). a) a kg/mm2 ; b) number of cy-
cles to failure, N.

;4 -. .. ... . .

0 0 ,

Fig. 16. Variation of fatigue strengths of l2KhN3A (1) and 18KhNMA (2)
steels as a function of the depth of cemented layer. a) Yi kg/mm2 ;
b) depth of layer, mm.

There are data on the favorable effect of films of certain polar

organic compounds (dodecyl alcohol, dodecyl amine, and others) on the

fatigue strength of the carbon and low-alloy steels, beryllium bronze,

magnesium alloys. Some of these compounds have the same effect in tests
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in water as in air. Oleophobic films have no effect on the fatigue

strength of the titanium alloys and the age hardening 17-7 stainless

steel.

The strength of constructional steel under repeated loading may

be increased considerably (by 10-50% for smooth specimens) by chemico-

thermal treatment of the surface - cementation, nitriding, cyanidation.

In the absence of stress concentration. Cementation and cyanidation

yield a greater increase of the fatigue strength, however nitriding per-

formed at temperatures below the critical points of the steel leads to

considerably less wraping of the part. In addition, the fatigue stiength

of cemented or cyanided steel depends not only on the cementation re-

gime, but also on the subsequent thermal and mechanical treatment, while

the nitrided parts are subjected only to a final grinding and lapping,

and their properties are determined primarily by the nitriding regime.

The effectiveness of the strengthening with a given form of chemico-

thermal treatment depends on the depth of the hardened layer (Fig. 16),

magnitude of the stress concentration, loading conditions. The smaller

the part size and the higher the stress concentration, the more marked

the effect of the surface treatment (Table 7). There are indications

that with small specimen diameters nitriding makes them notch sensitive

even with very sharp notches, with large diameters insensitivity to

notching as a result of nitriding is observed with low stress concen-

tration.

When exposed to a corrosive medium, steel no longer demonstrates

fatigue strength; the limited fatigue strength of both the iron alloys

and many noniron alloys diminishes sharply (Table 8). The fatigue

strength of the carbon and low alloy steels are lower by a factor of

2-3 times in fresh water than in air, and in sea water it is lower by

a factor of 5-6 times. The fatigue strength of the martensitic class of
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TABLE 7
Effect of Nitriding on Bending
Fatigue Strength of E1275 Steel

I O~pae't 1 _w

?, I~,ltl
Ne0a.,• po el~tl 3v 45 100

aaomposa"Un to 0 3 134
Ra;/TajOsMHw~t 40 ,"

$ 0*10TWIpoNa MIl 40 44 I 7

7C Oyp1'Om (P-2.2 Asm).S N8aomso1pNAHp na 40 24 I

* a.•o• ponRn�wl 40 42 175

?C 61prom (P=1.1 .1.. 1,$ NCB1.7T•IpORlaHHMO t 40 |6IS lO
6 ns.iflNpo RMIiM l 40,0 34 |11

gC flonepewmum~ o4rC11e1 Iee

$ n:eO3oTWPoz&nRNW 40 14
6 130TnpoSlHMR 440 29 210

1) Specimen; 2) specimen diameter

S(am); 3) o.1 (•mm2 ); 4) smooth;
5) unnitrided; 6) nitrided* 7)
with fillet (r = 2.2 mm); 8)with---
lateral hole.

TABLE 8

Bending Corrosion Fatigue Strength of Some Construc-
tional Materials

.,(UP,,,W) 4 7 "

., o ,g o6
-- X06 I x n•

".Cm.-(OS%C)........................50 25 5.5 I0
.CYa.- (0.38% C)654 26 12 - tO'CTa. Tuna 38XMIOA .................... A. 79 40 t8 7 5.10'

SCr-NI-Mo cyaJ.b ...................... 161 69 112 107
1O5%-laR nieneeaN CTa." .. 5....................... li . 19 -- To we 25
I11C7M3 o6 j Anwe (O. 48,i C.) ... ................. ... 64 22 l' 1 .I2,e,g" a.e.jau. c?a"i: .. . .. . .- . i .
I3S 13 XS........ . . . .63 39 27. 1.9: 5.10'
13 4X13 ........ . ......................... 125 62 . 26 .19 Towe
t4%lyryn (3. 4% C, 1 52% SI, 0.8% Mi). 30. 13 9 8

I e ....... . ....................... . . 54 23 17 15.5"
lW b. .. ............................ 22 7 7 7" ;7

17n r bJ162 ... ........................ 37.6 14 . 11.3 11.30
IS=i3's (9*4.5% Cu. 5. 4% Sn) .. .. .. ..... . ... .. ......... 56. 18,2 15.5 15.5,

20Jgypowun.... ......................................... 0 14 - 7 Towe
21A.imuIvNesmeN cn.as Aý133 ..... ............... 33 14 - 5.5"" 510'
22Amoxun uesuaft cnnas A D-TI .P.. . ............... 36 9 - 3* 2.10'
23CvjNyMWH. a . .Tbe .......... 19.5 6 - S 0O"
24MarwmesIM cn..au MA ..... ..................... 5.8 -- • 2 To we

*In salt water containing 1/6 salt from sea water.
**In 3% NaCl solution.

1) Alloy; 2) a, (k&/mm2); 3) a.1 (kg/nu 2) 4)-in air;. 5) in fresh water;
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6) in sea water; 7) test basis (N cycles); 8) steel (C.30); 9) steel
type 38KhMYuA 10) 5% nickel steel; 11) cast steel (0.36% C); 12) stain-
less steels; 13) 4Khl3; 14) iron; 15) nickel; 16) copper; 17) L2 brass;
18) bronze; 19) aluminum; 20) dural. 21) AD33 aluminun alloy; 25) AV-Tl
aluminum alloy; 23) cast silumin; 24) MA magnesium alloy; 23) same.

stainless steels is als) reduced considerably under corrosive conditions

(by a factor of 2-3 times when tested in sea water). The fatigue

strengths in corrosive media are not related with the tensile strength

and fatigue strength in air. With a large difference in the fatigue

strengths when tested in an air atmosphere, =nder sea water conditions

the fatigue strongths of the various constructional low and medium al-

loy steels usually have valued from 5 to 10 kg/mm2. The more aggres-

sive the corrosive medium and the less corrosion resistant the material,

the greater the reduction of the fatigue strength, and with increase of

the number of test cycles the medium effect is intensified. The fatigue

strength of the copper and titanium alloys is reduced little in fresh

and sea water, which makes them particularly suitable for application

in ship building. The corrosion fatigue strength is considerably re-

duced even with a comparatively small reduction of the frequency, which

is not reflected in the fatigue strength in air testing. In the pre-

sence of stress concentration the fatigue strengths of the construction-

. al low alloy steels and aluminum alloys are reduced to a lesser degree

under the influence of a corrosive medium than in the case of smooth

specimens, so that according to some data, with a large number of cy-

cles (low stresses) the fatigue strength of a notiched specimen in the

corrosive medium may be higher than the strength of a smooth specimen.

The scale effect with simultaneous action of a corrosive medium and fa-

tigue loding has been inadequately studied, but the available data per-

mit us to assume that the effect of the absolute dimensions of the

specimen will depend on the level of the effective stresses. With com-
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paratively low stress amplitudes (in the region of long fatigue life),

in certain experiments there was observed a definite increase of the

fatigue strength of low alloy steel with increase of specimen diameter

(Fig. 17). For the corrosion resistant materials the fatigue strength

is reduced in corrosive media with increase of the dimensions. A small-

er but still significant decrease of the fatigue strength also is ob-

served during fatigue tests under normal conditions of specimens which

have been subjected to preliminary corrosion (Fig. 18). The corrosion

fatigue strength may be increased considerably by the use of protective

coatings and also methods of treatment which create residual compres-

sive stresses in the surface layers (surface work hardening, nitriding,

-surface tempering) (Table 9). The most effective method of protecting

steel is zinc plating using the hot or electrolytic methods with suf-

ficiently thick coating. There are data on the effectiveness of alumi-

Shum anodizing with subsequent lacquer coating using bakelite, synthetic

rubber, etc. lacquers. Nonmetallic coatings are less reliable since

they are easily damaged mechanically.

• ~2 -ý1 1 1111 II
2 0

04WiS0 wwUUo~ do Dpiywows N6

Fig. 17. Corrosion fatigue curves for steel 40 in 3% NaCl solution (a)
and fresh water (b): 1) 9;.mm-diam specimens; 2) 60-mm-diameter speci-
mens. a) a, kg/mm2 ; b) number of cycles of failure, N.

As a rule, with increase of the test temperature the fatigue

strength diminishes, to lesser degree, however, than the static strength

characteristic. For some materials the curve of the variation of the

'fatigue strength as a function of temperature has a maximum correspond-
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02 ___ ,oo- 2

10 20 ju 40 s( 0m.I/uN•

Fig. 18. Reduction of fatigue strengths of aluminum alloys as a result
of orrosion taking place prior to fatigue testing. 1) Days; 2)ab. k"'b'll kg

TABLE 9

Effect of Surface Treatment on Corrosion Fatigue
Strength of Steel

*.... us,*.aP')

I3 nnp1 (Ms ) • .o xe JMH( .BMl cP*..,

CTSa b 50 Ses n ,p - 25.5 10.1,
(NopumaNlua- ropAfe 1 nomBH6e I0 4 231.3 26.4 I"I amHKN) ) AeM'powRr . iiuiii(1536e II I" 25.3 23.8|I(HfZON.M;oUM 12 13 23.9 23.31 3P..nn.

I ,ocs4Trp.HIsa e x noKpwure Ma.unsao ( p
I1pacKoN - 23 21.7 NaCI'

14 nosepIROCTHM3 Haxjun (oOcaTpwra p2.2-
Rawx)" - 2.2 2

lNXpwou•amau Asonuposamne 17 500 73.s 19. •Ilpermamtl
"CURal CTSJIb anna

to XPl•onee- Brt nOpU, rh9 - 10.5 To mw 20
AeIaNCIa.b JICNTpO.T1NT)4-. UtXMKOmaMNeW 4 -1 1i,'

3JzeXTpOJIK"Iy. IRAUflpoRaPNe 21 2.5 - u.s

*Steel 45.

1) Steel; 2) surface treatment; 3) coating thickness (microns); 4) a_l

(kg/mm 2); 5) in air; 6) in corrosive medium; 7) corrosive medium; 8)
steel 50 (normalized); 9) without coating; 10) hot zinc plating; 11)
electrolytic zinc plating; 12) cadmium plating; 13) parkerizing and
coating with enamel paint; 14) surface work hardening (rolling); 15) ni-
triding; 16) chrome-vanadium steel; iT) nitriding; 18) fresh water;
19) chrome-nickel steel; 20) same; 21) electrolytic cadmium plating.

0 ,,/4. I-

to-

" 1.0
0;010 to IO

3 e Odpaw povemoo
40 owdý%W C Orp"M'

Fig. 19. Variation of stress concentration sensitivity 2of the nickel
alloy E1598 as a function of test duration. 1) a kg/MM - 2) number of
cycles to failure; 3) smooth specimens; 4) specimens with fillet.
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! TABLE 10Effect of Low Temperature on Fatigue Strength of

S~Constructional Materials

C 0•.1%C "r"I "_" __ s . I -'J

I wo 1) r .. 122.6 -- 0. .' -

04n 30XHMA) - S maapeau 230
16 CIAab SAE4340 160 I' r.18A3N.A e I_ __

Is Crt.. C!1-2 135 7 '.,amui 62 77 I " 7 1 IIo,
I? Cr •-"lrrOll cl'aim -*"it•?T 4 jj. r' " : 2?- I [ 3,5 7 5 3 3 1

I• 3 ap~N 3 I9* 47 10.
I3T*uwaiawO Beiss -- aAARA 34.15 37.5 be 5 to,

_ _ _ _ _ _ I _ _ I _ _ I _ _ _______J 130 4 : "Sp 39__ 84: __ 94___

M B l - C SapeIalM 1. 2 -- 17.6 Io*J

17 Jlarymb 70-30 n5 7 r4,a.AXK 1 25 37 50 1 to.

*Test temperature -780.

**Test temperature -1830.

1) Alloy; 2) aV (kg/zm 2 ); 3) specimen; 4) a_1 (km/m2) at temperature;
5) test basis, N; 6) steel Kh4N; 7) smooth; 8) notched; 9) steel (0.15%
C); 10) steel SAE4340 (type 40KhNMA); ll) steel SN-2; 12) steel typeS02; 13) titanium alloy VT6; 14) titanium alloy 150; 1 .aluminum al-loy V95; 16) aluminum alloy D16; 17) 70-30 brass.

ing. for example, for soft steel to a temperature of 300-3500. The ef-

fauctive concentration coefficient usually diminishes with temperature

I Jncrease, although for certain alloys in a definite temperature interM

val the notch sensitivity with repeated loading increases, which is ap-

parently associated with the structural transformations taking place in

the material at these temperatures. Sensitivity to stress concentration

at a given temperature may vary as a function of the test duration

(Fig. 19).

The effect of average cycle stress on the amplitude of safe

2520
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stresses is intensified with increase of test temperature. Frequency

variation also has more effect at the higher temperatures. Certain meth-

ods of surface hardening may be used to increase the fatigue strength

at high temperatures. For example, there are indications that the ef-

fect of surface work hardening is retained to a considerable degree

during fatigue testing of the AK4 and VDI7 a1uzz.nwa alloys at tempera-

tures of 150-2000. With reduction of the test temperature below room

temperature, the fatigue strengths of the constructional steels and al-

loys increase anu only at the temperature of liquid hydrogen is a re-

duction of the fatigue strength noted for some of them (Table 10). Usu-

ally, the lower the temperature the less the reduction of the fatigue

strength as a function of the number of test cycles. From the aviilable

data, the effective stress concentration coefficient at temperatures to

-200o varies comparatively little for the titanium alloys and increases

considerably for the constructional low and medium alloy steels.

References: Serensen S.V., Giatsintov Ye.V., Kogayev V.P., Step-

nov N.N., Konstruktsionnaya prochnost' aviatsionnykh splavov (Structural

Strength of Aircraft Alloys), M., 1962 (Transactions of Moscow Aviation

Technical Institute, No 54); Oding A.I., Dopuskayemyye napryazheniya v

mashinostroyenii i tsiklicheskaya prochnost' metallov (Pernissible

Stresses in Machine Design and Cyclic Strength of Metals), 4t. -edition,

M., 1962; Glilkman L.A., Korrosionno-mekhanicheskaya prochnost' Metallov

(Corrosion-Mechanical Strength of Metals), M. 1955; Ryabcherkov A.V.,

Korrozionno-ustalostnaya prochnost' stali (Corrosion-Fatigue Strength

of Steel), M., 1953; Ratner S.I., Razrusheniye pri povtornykh nagruz-

kakh (Fracutre with Repeated Loads), M., 1959; Fatigue and Endurance of

Metals, collection articles translated from English, edited by G.V. Uz-

hik, M., 1963; Fatigue in Airplane Structures, collection of articles

trannslated from English, edited by I.I. Eskin, M., 1961.
S.I. Kishkina-Ratner
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MECHANICAL SIMILARITY - constancy of the ratio of characteristics

of identical nechanical systems or phenomena, particularly identity of

the stressed and deformed states at similar points in deformed bodies

exhibiting geometric similarity. During rapid deformation, where it is

impossibie to neglect inertial forces, mechanical similarity can be ob-

I tained only by changing the density of the material while retaining its

• mechanical characteristics, which is difficult to do. See Law of simi-

larity.

Ya.B. Fridman
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MECHANICAL TEST AT LOW TEIPERATURES - is the determination of the

mechanical properties of a material at temperatures lower than the room

temperature. The most used low-temperature tests are the impact-bending

and tensile tests, rarely the hardness, bending, torsion, and endurance

tests. In any method of mechanical tests at low temperatures, the

specimens are cooled in a bath, a cryostat, ensuri±ig to reach the rc-

quired temperature within as short a time as possible. The design of

the cryostat depends on the temperature and the method cf the test.

Simple double-walled copper or brass vessels with externa2 felt heat

insulation which is thicker the lower the test temperature, 4re used at

temperatures to -1960. At temperatures near to the absolute zero. the

cryostat consists, as a rule, of two glass- or metal Dewar vessels in-

serted into each other, the space between them filled with liquid nitro-

gen in order to diminish the evaporation of the liquid hydrogen or

helium. Cooling and testing of specimens at temperatures to -700 is

sometimes carried out in refrigerating chambers with circulating air.

Temperatures to - 1200 are measured by thermometers (alcohol, toluene,

pentane thermometers), whereas thermocouples (platinum, copper-constan-

tan) are used at lower temperatures. Compositions of freezing mixtures

are listed in the Table.

Liquid hydrogen and helim are used to obtain low temperatures.

Liquid hydrogen evaporates relatively slowly and is cheap, but the op-

eration withi it is only possible by observing strictly the rules of ac-

cident prevention. Liquid helium can be applied without danger, but it

evaporates 10 times more rapidly than nitrogen and hydrogen and is rela-
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tively expensive. Operating with liquid helium. !.s economical in station-

ary units with closed cycle (Fig. 1): unit (for production of liquid

helium) - testing machine - unit (for collecting the evaporated helium).

TABLE

Freezing Mixtures
• " • ~~TC:emmaTyps •.

1 12 Oxnaw~aaMUN ce,
01C) 1 (-K

-- 40 233 Tucpi"a yrnene.1ioT (P.1Me.9.1-
-70 203 3 4",e1INAl Cey-il .'-) C Owc-loom"AnH. alue?()I . I-100 173 VRi...mHa aajor co CIIHII'%4 WIN

-120 153 )HIcI..HAi 2,30T C .nCTPo)ACY"II

-160 113 )WHAO.f a3OT C WOaOflCIHaNOX
u dyi83 9e w)KiAaol r aceon CO ntonwhaoo

t sp-1e 6 78 liqauan togT 8a h 8 i•-"253 21 Htw.•xxt aoanpoa 9

-27, 1.6 1 HlaAKII M.INA( OTM84MoN) i

1) Test temperature; 2) freezing mixture; 3) solid carbon dioxideStcrushed dry ice) with alcohol or acetone'; 4) liquid nitrogen with alco-
hol or gasoline; 5) liquid nitrogen with petroleum ether; 6) •liquid ni-.

trogen with isopentane; 7)'liquid nitrogen with alcohol: 8) liquid ni-

trogen; .9) liquid hydrogen; 10) liquid helium; 1) liquid helium (with
evacuation).-- '..... ....

4

2 7-

Fig. 1. Scheme of a stationary liquid-helium unit for low-temperature
tests. 1) Gas holder; 2) purifier; 3) compressor; 4) engine driven by
compressed gas, and a system of vacuum pumpsý 5) Dewar's vessel for
liquid helium; 6) testing machine; 7) Pump; t) to the gas holder.

The impact strength at temperatures to -1960 is determined accord-

ing to GOST 9455-60 on specimens of the Mesnager type (see Mesnager

Specimen). The specimens are previously cooled to a temperature by 3-6°

lower than the test temperature, kept at this temperature for 5-15 min-

utes and then checked with an impact-bending machine. N.N. Davidenkov

had proposed "serial impact tests"- a series of impact-bending tests on

30-60 specimens at a gradually lowered temperature for cold-brittle

materials (see Mechanical Properties at Low Temperatures). The tempera-
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ture rises significantly (by 20-30) within the time the specimens,

cooled at -2530 and to be checked at this temperature, are set o± the

anvil of the impact machine. The impact test at -2530 is carried out on

a specimen put into a double-walled test tube with freely passing li-

quid hydrogen (Fig. 2); the specimen is then transferred Into a great

Dewar's vessel and destroyed on the anvil together with the test tube

after being cooled and kept at standard temperature.

3 " 5
Fig. 2. Scheme of the device for the determination of impact strength
at -2530. 1) Rubber plug; 2) vacuum; 3) anvil of the impact machine; 4)
glass test tube; 5) specimen; 6) plasticine.

Low-temperature tensile tests of smooth or notched specimens are

carried out with testing machines whose size permits one to set in a

cryostat. A simplest cryostat is used up to -1960, having a stuffing

box with felt soldered into the bottom, which permits a shift of the

vessel along the lower rod (Fig. 3). The specimen is fixed by rods

which are connected with the clamps of the machine, and is immersed in-

to the cryostat filled with freezing mixture, after a preliminary, in-

significant stress is put on. The device for tests at extremely low

temperatures must be compact in order to avoid heat losses. As a rule,

specimens of small size (d = 1-3 mm) are tested at -2530 and -2690, and

special loading apparatuses and devices for recording the deformations

are provided in these cases (Fig. 4). The checking of specimens with d

- 5-10 mm consumes more liquid hydrogen or helium. Usually, the tensile

strength, elongation and constriction are determined in the low-tempera-

ture tensile tests. Strain gauges are attached in the working part of

the specimen, transml.tting the deformation of the specimen outside of
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the cryostat by means of extension arms to any recording system, to

determine the modulus of elasticity, the proportional limit and the

yield strength. The additional feed of heat through the extension arms

makes it difficult to keep constant the temperature conditions. Tests

with other methods of loading at low temperatures differ from tests at

room temperature only in the use of cryostats.

3I

Fig. 3. Cryostat for the tensile test of smooth notched specimens at
low temperatures. 1) Rod; 2) stuffing box; 3) specimen; 4) cryostat.

Fig. 4. Scheme of the device for the tensile test small specimens at
-253 and -2690. 1) Loading system; 2) device for recording the deforma-
tion; 3) cryostat; 4) specimen.

A machine for alternating bending of the specimen without rotation

is used in low-temperature endurance tests. The immobile specimen, which

one end is clamped, is put into the cryostat, and, on the other end, a

cross arm with an unbalanced weight is fixed which develops centrifugal

force by rotation resulting in alternating bending of the specimen

(Fig. 5). Low-temperature endurance tests require a significant consump-

tion of freezing mixture owing to the long duration of the test process.
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Fig. 5. Scheme of the device for low-temperature endurance test. 1) Un-
balanced weight; 2) specimen; 3) cryostat.

References: Davidenkov N.N., Problema udara v metallovedenli (The

Impact Prcblem in Metal Science], Moscow-Leningrad, 1938; Uzhik G.V.,

Prochnost' i plastichnost' metallov pri nizkikh temperaturakh [Strength

and Plasticity of Metals at Low Temperatures), Moscow, 1957; Belyayev S.

Ye., Mekhanicheskiye svoystva aviatsionnykh metallov pri nizkikh temper-

aturakh [Mechanical Properties of Aviation Metals at Low Temperatures],

Moscow, 1940; Kostenets V.I., "Zhurnal tekhn. fLiz." [Journal of Techni-

cal Physics], 1946, Vol. 16, No. 5; Kudryavtsev I.V., "Zavodskaya lab-

oratoriya," 1946, Vol. 12, No. 9-10, page 843.

Yu.S. Danilov, N.V. Kadobnova
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MECHANICAL TESTING OF CRMEWT M~ATERIALS Cermets are tested for

stretching, compression, fatigue, long-life strength, creeping, impact

strength, hardness and heat resistance -up to a temperature of 3000.,

Most widespread I~s the mechanical testing of cer-met materials for bend-

Iing strength owing to the low resistance to breaking, low plasticity'

S and high sensitivity to eccentricity of these materials. A device for

S bending test at high temperatures is shown in Fig. 1. The device can be

~. installed on universal testing machines. The load is transmitted to the

-specimen to be checked by a water-cooled rod and a prism; prisms are

used as. supports. The loading and the supporting prisms are made from,

sIntered tungsten. Graphite heatcers, ceramic heat insulation and a me-

.tallic water-cooled jacket provide a uniform heating of the specimen.

r The test is carried out in an inert gas - argon - atmosphere asarle,

on nonstandardized specimens whose shape and size depend on the method

of production, the porosity and the chemical composition of the cermets

Fig. 1. Device for the bending test of cermets at high temperatures: 1)
Specimen; 2) water-cooled rod; 3.) prism i)sporigpim 5) graph-
-ite heaters; 6) ceramic heat insulation; 7) water-cooled jacket.
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The tensile test is carried out on standard breaking machines with

a 100 and 500 kg dial. The specimens are fastened in special clamps with

tilting bearings. Flat shaped specimens (Fig. 2) are mostly used. The

E2:= 0

Fig. 2. Shape of specimens for testing of cermets: 1) For tensile test;
2) for bending test; 3) for compression test; 4) for fatigue test.

loading rate id 2 mm/min for brittle and highly hard cermets, and 5 mm/

/min for weak and porous ones.

The compression test is also carried out on standard breaking ma-

chines with reversing gear, or on hydraulic presses with a power from

100 kg to 100 tons. Such machines must have inserts from cardboard or

graphite in order to compensate even the smallest roughness of the spe-

cimen. Brittle materials are tested as cube-shaped specimens with the

dimensions 15 x 15 x 15 mm, weak and porous materials - as cylinders

with 10 mm diameter and 15 mm height.

The fatigue test is carried out on non-standard low-power devices

with alternating bending. The test of brittle materials is based on 1

million cycles, that of weak and porous materials on 10 million cycles.

Flat specimens are usable for brittle materials, and cylindric, short

specimens for weak and porous ones. The impact strength is determined on

impact machines with a margin of energy of less than 2 kgm on specimens

with standard shape but without notch. Brittle materials are tested on

impact machines with an energy margin of 0.2 kgm.

The heating of the specimens by electric resistance (the specimen

itself being the heater); heating with acetylene or kerosene burners
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(gas-flame heating); heating in special Silit, graphite or tungsten fur-

naces, are the most used methods. The electric-resistance heating is

used only inshort-time tests. Long-life tests at high temperatures are

carried out on specimens heated in tungsten, molybdenum or graphite

furnaces in neutral gas media (usually in argon). Gas-flame heating of

specimens is mainly used in fatigue and heat resistance tests.

The inhomogeneity and porosity of the cermets cause a wide scatter-

ing of the test results. Not less than 8-10 specimens must be tested to

evaluate the strength of cermets. The frequency curves of the strength

of friction cermets are shown in Fig. 3.

I#

Fig. 3. Frequency curves of the strength of friction cermet•: a) Ten-
sile test" b) bending test. 1) Frequency, in %; 2) a, kg,'m5.

References: Pisarenko G.S., K voprosu o prochnosti materialov,

poluchayemykh metodam! poroshkovoy metallurgii [On the Problem of the

Strength of Materials obtained by Powder-Metallurgy Methods], "Porosh-

kovaya metallurgiya" (Powder Metallurgy], 1961, No. 1.

Ye.N. German
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SMECHANICAL TESTS are tests on machines and instruments (usually

in mechanical laboratories) for evaluation of the mechanical properties.

In view of their simplicity and speed, static mechanical tests are most

widely used - most often the tests in tension, bending, torsion, com-

pression, internal pressure, penetration (Brinell, Rockwell, Vickers

hardness), and so on. The majority of the delivery and acceptance spe-

cifications for the constructional materials is based on the static me-

chanical tests which, although very arbitrarily, characterize the be-

havior of materials under conditions of real loading in service and dur-

ing processing. Among the mechanical impact tests most widely used is

the determination of the impact strength; the basic groups of mechanical

tests also include fatigue (see Fatigue),.creep and stress-rupture

tests, wear tests; special tests, for example, to determine the inter-

nal friction, vibration damping, etc.; full-scale mechanical tests of

finished parts and entire structures (bolts, crankshafts, gears, tanks,

weld joints, etc,) under conditions as near operational as possible.

Although the full-scale tests give a more direct feeling for the

strength under actual conditions, in view of the complexity, duration

and high cost these tests cannot replace the mechanical testing of lab-

oratory specimens. The best solution is a combination of a large number

of mechanical tests of specimens with subsequent full scale mechanical

tests of the most favorable variants. See also Micromechnical Tests.

Ya.B. Fridman
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MEEDICAL GLASS - glass lntended for the rranufactare of .perial In-

struments, equipment, and c:ntalners (syringes. ampulesi cello, vials,

etc. ) used in medicine. Medical glass has a high chemical and thermal

stability. In view of the fact that articles of medical glass are sub-

jected to heat treatrm.ent, they should have a reduced tendency toward

crystallization. Spec.fIcally, such zla.s should not Crvstallize (te-

:or.e cloudA, 'in the flame of a glass-blowlnr burner.1~It M-. 14 o' T H ... ..
111++.._.. .. ..___ , *I 7n h. - -

ij fI ' u-- • :o . Ir : ". * C7

' •, I ,, l + +€ , j '0' , ,(' _ _ m I4.)7 
-- I I ____________C-4424 2S.3 70.73 742

-. 7 4 4 7. 73f 1 7

37i . IA~ @' lit IW I, I 34 4 4 7. 14.1 I 7--i. l '~7Ub~r.U4 4.

33 I,) + ,el', +"5 + . '" •", , -- ,.2.- -. 71.,7 7!&0..-.•?37~ X~ mr ".h
- (('.37 -t¼-27.7 %34, .. v., .s'+ -m,...,,, ,s, , +, . .,",+•.. 7"74[+ * .37 • 722"-!•.., OW.', -++277 Ut .- fl7,f.... 7747 .... '- I ..... .. " ...... .

34, .I,7 ...-- •(1247 7| l " -7"71 +'I /%'B'• I•

~~~~~~~1 S4 1~ 7,%1 Il )4 ~ -l%+ ').,t +* ") l:"+ ,-*•, 0 - . +':".'7ri. 7097' . ..... 77 O.°.." .. n.... " 4 -,:

Note: The figures in parertnescxz were obtained by computation and art
of value only as guidelines.

.1) Type of glans; 2 composition (% by weight); 3) cherical stabilit'j
.(rg per !00 cm.; 4) distilleod water; 5) IN HSO; 6) 2N NaOH; 7) cof-
ficient of linear expansion a-10f (1/*z); 8) •ea{ resistance .('C); 9
workability In glass-blowing bturner; 10) softening initiation temperz-
ture (C); 11) Soviet; 12) N3S-1; 13) NS-2; 14) AB-l; 15) MT (rmedical
container glass). 16) OS (oranrge Elaos); 17) Sh/l (MKhTI); 18) neutr 1
ampule glass; 19S ampule glass (high-silica)- 20) foreign; 21) Jena
vessel glass; 22) Jena neutral glass: 23) Polish neutral glass; 24)
Czechcslovak neutral glazs; 2r) Hu.n.-arlan neutral glass; 26) USA R-6•
27) USA 51-A; 28) 'lerr.an "Ultra" syrlnge tlass; 2) USA "Record" glass;
30) English "Izl syringe glass; 31) good; 32) satisfactory; 33) very
good; 34) the same.

Articles fabrIcated fror, redical ý"lacs retain their original phjsi-
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cochemical characteristics during steam sterilization at high tempera-

tures under a pressure of 2 atm. This material is resistant to water,

drug solutions, and acids; just as ordinary glasses, it is less resis-

tant to the action of alkalies. Various types of medical glass are pro-

duced. Containers intended for brief storage of drugs are fabricated

from the cheap sodium-calcium-silicate glass MT. Types NS-l, NS-2, etc.,

are used for prolonged storage of drugs, particularly aggressive bac-

teriological sera (pH = 8-8.5). The principal components of the major-

ity of medical glasses are SiO2, B203P A12 03 , CaO, MgO, BaO, Na2 0, and

K2 0; the two latter components are introduced in limited quantities.

Ampule glasses produced abroad also contain ZnO. Arsenic and antimony

oxides and fluorides cannot be used in medical glass, since the drug

may be spoiled or the patient poisoned by the decomposition products of

the glass.

Type AB-l glass can be sterilized in an autoclave, this process

not producing high alkalinity or flaky deposits. Containers of AB-l

-glass are suitable for autoclaving of drugs under a pressure of 2 atm.

Types MT and OS glass are generally not used under these conditions,

since their chemical stability is lower (the solution becomes highly

alkaline and a flaky deposit is formed); types NS-I and NS-2 are neu-

tral glasses and have a high resistance to autoclaving. The chemical

stability of medical glass can be raised by superficial heat treatment

or by addition of silicoorganic compounds.

The table shows the composition and principal physicochemical

characteristics of medical glasses.

G.G. Sentyurin
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MIUM-ALLOY HEAT-TREATABLE STRUCTURAL STEEL - steel hardenable by

heat treatment and containing no less than two alloying elements to a

total of no more than 3% (Table 1). These steels are widely used in all

branches of the machine-building industry for load-bearing components

of machinery and mechanisms.

TABLE I

Chemical Composition of Medium-Alloy Heat-Treatable
Structural Steels (GOST 4543-61)

__________2 CaaepmaIKC mJeweHDS (I.)

I Xr, I C N Pnpy7xe ue~ete

02oxP 0.17-0.23 0.17-0.37 05. 8 <00.2-I. o5 o0.-0.2 V
S40)XOA 0 37--0,44 0. 17--p..37 0.5--0,8 O.I--I. 1 0.25 Q. 1--02 V

30 M 0,26-0.34 0.17-0 ,37 0.4--0.7 01.M-1.1 <0.25 0.15-0.25 No
3 3 X p, 7 032--0.40 0 ,17--0 ,37 0.4-- 0.7 0:8-- ..3 < 0.25 0.tS--0.2 5 Me. . .. :.. - • -. . . -

MOA * 0.30-0.38 0 i7-0.37 0.4-0.7 1.0-1.3 •0 - 0.1--o.2 V

9 S3xc, 0.29-0.37 1:0(1.3 0.3-0 6 1.3-1.6 .OS 0.2-0.3 Mo<.
1138X, ] 0.34 0 .42 1.U-.3 0.3-0.6 1.3-1.6 <0.25 -

4' xC 0.37-0.45 1,2-1 , 0 3-0.6 t.3--.q <0.25 -
2oxr-12 0.15-0. 21 0.17-0:31 0'9-1.2 0.9-1.2 <0.25
2 0.1-0.24 .17-0.37 0:7-t.0 0.8-1.1 <0.25 0.002-0.005 B

lox'rP." 0.37-0,45 0.7--0.17 0.9-1.2 0.0--1.2 2 0.25
5-OXrp .37--.45 0.17):10:31 0.7:-10 0.St--I. <0.25 0.002-0.005 B
i 0x. Tr' 0.2--0.32 0 .17-037 0.8-1.1 1.0-1.3 40.25 0.0--0.12 TI

o35x' 0.3:.40.0 0.17--037 01A-1- 1 1.0-1.3 .0.25 0.00--0.12 TI174 •0X •r It• 0. 37-0:,05 0 . 17--0 , 37 0.1-t I t1,0--i,3 40,25 0,00--0. 12 TI
19 30xrH f) .28--0.35 0. 17--0.1? 0 8-0.90 , 0.t-- 2 0 3--0.6- 3Nx H 0,3 --0,4 3  0.17-0.37, 0:--1.1 0.5-0.8 0.7--1.1 -

212AX CA 0.17--0.23 0,9-1.2 0.--1.1 0.N--1.1 <0.25 -
_:xrCA 2 0.22-0 28 0 9-1.2 0.11-1.1 0.8--1.1 40.25 -2330Xrc 0.28--0.35 0.9-1.2 0.8-1.1 0.--I. 1. 0.25 -
3rXc.A 2" 0.28-0.34 0,9-1.2 0.8-t.I 0.8--.1 o.U*25 -3 X 6 032--0.30 1.1--1.4[ (). -- 1.1 t t.--I. 4 0.20

S• 4aXH 0.13 --0.44 0, 1 7--4o.37 0.5--0.5 0,4t5--0.75 1 .0--tt --
2
74SXH 28 0.41-0,49 0.17-0,37 0:5-0•.• 0.45--0.75 1.0-1.42
r0OXH 28 0.46-0.54 0,17-0,37 0.5-0.0 0. 0-0. 75 1.0-1.4

" XH 0.37-0.4 .17-1.37 0.5-0.9 0.--0.9 1.25-1. 65 0.15-0.25 No
4 0 X H A

3
, 0.37-:0.44 0.17-0.37 0,5-0 A 0.6-0.9 1.25-1.65 0.8-1.2 W31IXCHi 0.13-0.20 1.6-0 .9 O-0.0 0.8--1.1t 0.6-0.9 -

STEod-quality steel contains P e 0.035%, S ý 0.035%,
Cu < 0.20%; high-quality steel contains P • 0.025%,

i. . S 0.025%, and Cu 0.020%.
**This type of steel is not provided for in GOST
4543-61.

1) Steel; 2) content of elements (%); 3) other elements; 4) 20KhF; 5)

4OKhFA; 6) 30KhM; 7) 35KhM; 8) 35KhMFA; 9) 33KhS; 10) 38KhS; 11) 40KhS;
12) 20KhG; 13) 2OKhGR; 14) 40KhG; 15) 40KhGR; 165 30KhGT; 17) 35KhGT;
18) OoKh .T 19) 30KhGNA- 20) 38KhGN; 21) 20KhGSA; 22) 25KhGSA; 23)
30KhaS; 245 30KhGSA; 251 35KhGSA; 26) 40OKhN; 27) 45KhN; 28) 50KhN; 29)
40KhNMA; 30) 40KhNVA; 31) 16KhSN.
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TABLE 2

Mechanical Characteristics of Chrom-
ium-Vanadium Steels According to
COST 4543-61 (no less than)

C~zb o6;Opak r

2010 t-q q aatMXt 0 ARPO.;
5 82-0N g~asft N* 7

ze; na7t-w or* I10* 95 70 13 so 197
40XOA pNpaNa e OR0O a %xe-

S,,_,D.67t "p. 650' go 70 107 so0 24

_1'ter annealing or hiet tem-
pering.

1) Steel; 2) heat treatment; 3) kg/mn 2 ; 4) kg-m/cm2 ; 5) 20KhF; 6) 40KhFA;
"7) ist quenching from 8800, 2nd quenching from 770-8200 in water or oil,

tempering at 1800; 8) quenchig from 8800 in oil, tempering at 6500.

W ,o j.-
go1 -0 - -

s .+o t92

20 ,00 400 S00 Soo

2 ?my yue..C

Fig. 1. Influence of tempering tpmperature on the mechanical character-
istics of 40KhFA steel. 1) kg/mm ; 2) tempering temperature, 0C; 3)

2kg-m/cm

TABLE 3
Mechanical Characteristics
of 40KhFA Steel at Elevated
Temperatures

Tep.... Teoa. a& a . . a ,

:"aaT 0 :426.6 63
3 10 Mc; 00 362 4 3 Is7 5,

600e 38. - 7 35 L
.01uycN 400 37.3 72so8's5.ups 640 | 500 50.5 41.8 30.4 65,8I 00 38.5 -- 51 so700 to I - 4.8. as

1) Heat treatment; 2ý temper-
"ature ("C); 3) kg/mm ;' 4)
quenching from 8500 in oil,
tempering at 6400.
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TABLE 4
Physical Characteristics of
Chromium-Vanadium Steels

VaH 2) 1 3 jogO"
(w ress•,l C) (M/C)

AC, At$1.

ox o40 0,085(20:) 1(20-100")

15 40X"A 755 780 0.0 5(20') (20I . )

1) Steel; 2) critical points
('C); 3) cal/cm'sec.'C; 4)
2OKhF; 5) 40KhFA.

""': 6- -- I -

No 24s~p mys.*

00JOO 400 00 6W•

Fig. 2. Influence of tempering temperature on the mechanical charac-
* teristics of chromium-molybdenum steel: solid line - 0.25% C, 1.05%

Cr, 0.21% Mo; dashed llne - 0.35% C, 0.91% Cr, 0.16% Mo (blank diame-
ter- 10 umn). 1) kg/mm'-; 2) tempering temperature, °C; 3) kg-m/cm•.

Chromium-vanadium steel. Addition of V to chromi.um steel promotes

a reduction in grain size and better deoxidation, thus increasing vis-

cosity and plasticity. Moreover, addition of V prevents grain growth

and ensures a low sensitivity to overheating. Table 2 shows the mechan-

ical cha.,ateristics of chromium-vanadium steel, while Fig. 1 repre-

sents the influence of tempering temperature on these characteristics.

"The mecrinical characteristics of 40KhFA at elevated temperatures are

shown in Table 3 and the physical characteristics of chromium-vanadium

.steels in Table 4.

Hot deformation of these steels is carried out at 1250-8000; they

are readily cuttable. The weldability of 20KhF steel.is good, while
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that of 40KhFA is poor. Type 20KhF is employed as a cementable steel,

being subjected to cementation at 900-925*, a first quenching from 870-

9000, a second quenching from 775-800*, and tempering at 150-220°, al-

though a sirgle quenching from 830-8550 is sometimes used; oil serves

as the quenching medium in the majority of cases. After such treatment

the core has a hardness HB of 400, while the surface hardness RC 2 58.

Type 40KhFA steel is susceptible to temper brittleness and should con-

sequently be cooled after tempering. Both types of steel have a com-

paratively low hardenability and are therefore recommended only for the

manufacture of thin-walled components. Type 40KhFA is also used in the

production of nitridable components; in this case it is subjected to

preliminary quenching and high tempering in order to improve the char-

acteristics of the core of the component. The hardness of the nitrided

layer is less than for steels containing Al.

Chromium-molybdenum steel. Addition of Mo to chromium steel in-

creases its hardenability, improves its plasticity and viscosity, re-

d-uces its tendency toward grain growth, and prevents temper brittleness

and the thermal embrittlement which occurs during operation at elevated

temperatures. Table 5 shows the mechanical characteristics of chromium-

molybdenum steels.

TABLE 5

Mechanical Characteristics of
Chromium-Molybdenum Steels Accord-
ing to GOST 4543-61 (no less than)

Tepuwq. @' Jo,, jj '"f

SOXN aAP1JING a SAO,5 a Macne; Oat7e 7y45 £

6 35XX 7UP 1 1 0n.a c 5,9 1 I 5 1 C2

8IX 5A 0 100 85 12 4s 6 <241
5oX ,.,O A No c900.

a Macao: o0nTci
7 aaN (d 850*

upa63 11O 0 315 10 50 * •2t

-- TFATter annealing or high tempering.
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1) Steel; 2) heat treatment; 31 kg/mm2 ; 4) kg-m/cm2 ; 5) 30KhM; 6) 35Kh
7) 35h4F6; 8) quenching from 8800 in oil, tempering at 5400; 91 quenc!
ing from 850* in oil, tempering at 5600; 10) quenching from 900 in oi]
tempering at 6300.

TABLE 6

Ultimate Strength and Yield Strength (kg/mm2 ) of
Chromium-Molybdenum Steels at Elevated Temperatures*

Tcw n-pa (IC)
Cra,-I T-p;wx. o1pao 2 au

_____ _____ 20 1200 30(- 600!450 100SSoIo $5

D101 3Rh~tIJIa c 870-800 a ac- 74. 5 67 k 1.1.5 44.5 S8 !_ 1 47' 315.
Pe; o~nycin npju 65006 so~ 50. 51 At 49. 3.5 43 33

4i &..1J. C C 976- 0,0" rie.c; 5 9 NO , 74 51
oTOClip" 600 7' 75 6is- _W -I 6 - 6o

3sXm a 1is C $I 8 a0" uAie; 99.5 1--A 68• . 55,7
f. 5 O,.?U. .CN , ,o5. 8.78 77 I 6 7 -

*The upper figure represents ab and the lower fig-
ure cO. 2o

1) Steel; 2) heat treatment; 3) temperature (0C); 41 30KhM; 5) 35KhM;
6) quenching from 870-880* in oil, tempering at 650°; 7) quenching
from 870-8800 in oil, tempering at 6000; 8) quenching from 8800 in oil,
tempering at 6500.

TABLE 7
Long-Term Strength and Creep
Strength (kg/nm 2 ) of 30KhM
Steel*

fl'I1%1) qlCTh

JAA*eU1baM& OpOW- (ain ocTaov-

1 2 mom M: mom :Ip,.a-

400
+''•4oo ? --

450 2 23, - 1
38 I 19 13.1 14.2 7

550 26 It 7.7 5.9 3.5

S i -Vter quenching from 8800
and tempering at 6500.

**TemperI!:.g at 5600.

1) Temperature (0C); 2) long-term strength over; 3) creep strength (from
residual deformation) over; 4) hr.

The influence of tempering temperature on the mechanical charac-

teristics of chromium-molybdenum steels is shown in Fig. 2, while the

4 2538.
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TABLE 8
Physical Characteristics of
Chromium-Molybdenum Steele

2 icpuwxv
C ?fl, l mnml (IC) 1J€u.r•C)l 1. *4

1 At, Aef

4 30XM 755 SO0 0.11 (Ii $(20-I00.

335 XMr 7S 802 -.50 .6 3SXM0A I 785 845• 0.1 (!00') (20I1--6 (20--100*)

1) Steel; 2) critical points
(°C); 3) cal/cm'sec.°C; 4)
30KhM; 5) 35KhM; 6) 35KhIFA.

4002 ,•I T-4, i o
140 ,, -4 . _VS ,

Ito - 300

.•, • , - 'I, ] IL
°to o o o Jo I

no 500 400 Soo So03 roettw"y aC, c

Fig. 3. Influence of tempering temperature on Phe mechanical character-
istics of 35KhMFA steel. 1) kg-m/cm ; 2) kg/mm ; 3) tempering tempera-
*ture, CC.

mechanical characteristics of these steels at elevated temperatures are

presented in Tables 6 and 7.

Table 8 shows the physical characteristics of chromium-molybdenum

steels.

Hot deformation of these steels is carried out at 1200 (1250)-850'.

They have satisfactory machinability. The weldability of 30KhM steel is

satisfactory, while that of 35KEM and 35KhMFA is low.

Types 30KhM and 35KhM steel are used for various components, in-

cluding those which must operate at temperatures of up to 5000 for ex-

tended periods; prolonged heating at 550 or 6000 reduces their ultimate

and yield strengths, but their plasticity and viscosity remain at a
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sufficiently high level. Type 35KhMFA steel has a higher hot strength

than type 35KhM. The higher Cr and Mo content of 35KhMFA steel ensures

good hardenability and it is consequently used for relatively thick

components; quenching first in water and then in oil is sometimes em-

ployed to enhance the hardenability of this steel.

Chromiuir.-silicon and chromium-silicon-mar.ganese steel. Steels of

this type do not contain scarce, expensive elements and have rather

high mechanical characteristics and satisfactory hardenability. Certain

brands, especially 30KhGSA, are very widely used in the machine-build-

ing industry. Addition of Si to structural steel has a positive effect

on its mechanical characteristics after quenching and low tempering,

i.e., after treatment to high strength. Si retards the decrease in ul-

timate strength during tempering and silicon-containing steels can con-

sequently be subjected to higher tempering during heat treatment to

high strength. Alloying with Si materially improves the mechanical

characteristics of steel after isothermal quenching, which ensures a

better combination of strength and viscosity than ordinary quenching

and tempering. The drop in the impact strength of silicon-containing

steel is shifted toward higher tempering temperatures, so that compon-

ents fabricated from such steel should be heat treated only to a given

strength in order to avoid an undesirable loss of viscosity. Table 9

shows the mechanical characteristics of chromium-silicon and chromium-

silicon-manganese steels.

DFigures 4-6 show the influence of tempering temperature on the

mechanical characteristics of various steels, while Fig. 7 shows the

influence of the size of the quenched components on the ultimate

strength of 30KhGSA steel. The most common ultimate strengths obtained

by heat treatment are ab = 110-230 and 100-120 kg/mm2 for 25KhGSA steel

and ab =90-110, 100-120, 110-130, and 120-140 kg/mm2 for 30KhGSA steel.

25140I2~
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u 54 SP 45 dO 34 95l

PC 9_40 d1 40 io * to 21W -- I i I ,II'

• i. . i ... 2

to Jo

00o 200 JUG 600 300 600

2 7e-TWw@, c

Fig. 4. Influence of tempering temperature on the mechanical character-
istics of 30KhGSA steel. 1) kg/mmý; 2) tempering temperature, OC; 3)

2kg-m/cm

f S 4.1 37 30 ??1
, 03 J9it 37 Is ?as

IS

Fig. 5. Influence of tempering temperature on the !echanl.cal character-
istics of 25KhGSA steel (sheets, tubing). 1) kg/mmi; 2) tempering tem-
perature, *C.

al -e __ I {I I • - ~
$o ~ -is &V

'60 so -------------- i 3 5"
140 70-------------25. Soo

SI1 SO

to so -- 20 '4W

so 0 -4 - - 12 Jso

40 3 j~ 20

40~1 -ISO-4-23

0 o - 300 400 3oo 6W0

2 •P @ W $1Ay01 (AOo&A, f,,,).*C

Fig. 6. Influence of tempering emperature on the mechanical character-
istics of 38KhS steel. 1) kg mi ; 2) tempering temperature (tempering
time - 2 hr), 0C; 3) kg-m/cm•.

These values are achieved by quenching and subsequent tempering. In

some cases 30KhGSA steel is treated to ab = 160-190 kg/mm2 by quenching

and low tempering (200-250*). Type 30KhGSA steel is often subjected to

isothermal quenching to an = 110-145 or 120-150 kg/mm2 and sometimes

to Ob 130-160, 140-170, 150-170, 'or 160-180 kg/mm2 . Isothermal
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'so NN I4--

A ~eu). oeW ce.

F Pig. 7. Ultimate strength (minimum) of central portion of bars of 30Kh-
GSA steel with different cross-sectional areas (quenching in oil). 1)
kg/?me; 2) tempering temperature, OC.

TABLE 9
Mechanical Characteristics of Chromium-Silicon and
Chromium-Silicon-Manganese Steels According to
GOST 4543-63. (no less than)

Cima, 1 2 Tepvu. o6PA60?T~a -- -I 'L

,,lC5 '. aa..a u 620" t 70 is to a2o turmnex tip. 0•*IQ ' 0 T 1 | 2t
*?O 6 UaJCNaRRA e 100.o

c6 al 93 V00 m a 75 12 so 'I " 255oxc 7 1oTe,,-.aaaaa % - " F5 z NNO. o•Mr npa 330-i .&521%•01 .84 saxamia C 9601
540" 125 110 12 40 C256

2OXCA 8 3amaanMa # aSO . 6 2-5 12 4
0yem "Ps 500# so 8 s 12 4 6 - <207

2XCA9 3axamca c 880° m•, a e; o?
30Xr'CO 380YCKmaapaen 8480" • aa e x *-

Oa 5'(0* II) To Ito 05 to 435 -- <2
1xr".A H1ovepm . ""An

ce • neurve nfig 20--31012 M : Ian I' c 890%; Ct-
165 spa 230* 20 1 16 O 0 6 40 & <2269

*After annealing or high tempering. 2

1) Steel; 2) leat treatment; 3 kg/mm2 ; 4) kg-m/cm2; 5) 33KhS; 6)
38KhS; 7) 4OEhS; 8) 20KhGSA; 9) 25KhGSA; 10) 3OKhGS; 11) 30KhGSA; 12)
3r5KhGSA; 13) quenching from 9200 in oil or water, tempering at 6300;
14) quencing from 900* in oil, tempering at 6300; 15) isothermal quench-
ing from 900-9100 in potassium nitrate at 330-3500 or quenching from
9000 in oil, tempering at 540*; 16) quenching from 880 in oil, temper-
ing at 5000; 17) quenching from 8800 in oil, tempering at 4800; 18)
quenching from 8800 in oil, tempering at 540°; 19) the same; 20) iso-
thermal quenching from 8800 in potassium nitrate at 280-3100 or quench-
ing from 890%, tempering at 230.

quenching yields a higher impact strength and a lower sensitivity to

notching than ordinary quenching in oil and s~xbsequent tempering. Type

30KhGSA steel cannot be subjected to isothermal quenching for treatment

2to an ultimate strength of less than 1l0-145 kg/ , since-this process
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causes a sharp drop in plasticity and viscosity. Type 35KhGSA is fre-

quently used as a high-strength steel, employing quenching and low tem-

pering or isothermal quenching. Types 33KhS and 38KhS can also be heat

treated to high strength, the former to ab 2 165 and the latter to
2

ab > 170 kg/mm ; quenching in oil or isother.al quenching is used for

this purpose. The durability of 30KhGSA steel is directly proportional

to its ultimate strength (Table 10).

TABLE 10
Ultimate Strength and Dara-
bility of 30KhGSA Steel*

66 n rnaptsa a •ra !

T~puaq. o6p|a8ore a- C n aa-
pe son

5 34asiatsB 01127cx cps
2u ..... ........ IS0 11.5 as
6 41U ' . . 154 35 34

7 3-salws; m CM a 632ps11W" . .. .. . .. 9 01 48 22

*Tests involving bending
of rotating specimen with
working-area diameter of
8 mm.
**Semicircular notch, dn

- 8 mm, rn = 0.75 mm.

1) Heat treatment; 2) unnotched specimen; 3) notched specimen; 4) kg/
/mm2 ; 5) quenching, tempering at 2000; 6) quenching, tempering at 400*;
7) quenching, temapering at 6000.

TABLE 11
Mechanical Characteristics of
30KhGS Steel at Elevated Tempera-
tures*

2 lTex-pA VC)•,ooft . 20: 25013o001350o100, . 50 $00 1S5o 0

@,(re..am') .3... ,Ili)0 ,0 1oo iOU 82 S0 70 55

95 a86 84 83 80 7t0 65 5U
(13.5 1 11 , A 16 19 21 27

N) 55 50 50 b7 69 77 4 b 4
IM(ElC.M) .4 . 5.5 13 43 12 10, 0 i 6.5
E.IQ-(xo/a.') . . . 1.98 1.77 1,72 - 12.6 -- 1.59 -

-,..(,.,. ') 0 4O 6 4 12
• o~lt (,a/ul- 16.3 t1.3 S.5 2.2

-- Xrter quenching from 8800 in
oil and tempering at 5600.
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lj'Characteristic; 2) temperature (*C); 3)kg/mm ; 4) kg-rn/cm

TABLE 12

Physical Characteristics of
Chromium-Silicon and Chrom-
Lum-Silicon-Manganese Steels

1.i - -Awmq oq , ,IO

53xc .41 7:0 A00 0.098(200) 1.
767 , 00 0.0 A " (2Q00 ....

25XF6A.6 760 I 40 0,004(2t1O*) 1:.5
35xUC . 7 40 I 4 0.09 ( 00) 11.5

1) Steel- 2) critical points ( 0 C); 3) cal/cm.sec.'C; 4) 33KhS; 5)
38KhS; 61 25KhGSA; 7) 30KhGS.

The mechanical characteristics of 30KhGS steel at elevated tem-

peratures are shown in Table 11.

Figure 8 shows the impact strength of 30KhGS steel at low temper-

atures as a function of tempering temperature. The physical character-.

istics of chromium-silicon and chromium-silicon-manganese steels are

given in Table 12.

Chromium-silicon and chromium-silicon-manganese steels are easily

annealed and readily cut. Hot deformation iu carried out at 1250-850.

The weldability of 25KhGSA steel is completely satisfactory, that of

30KhGS is satisfactory, and that of 33KhS and 38KhS is low. All these

types of steel are generally quenched in oil, rarely being transferred

from oil to water or quenched in water and immediately tempered. The

tempering temperature for 30KhGS steel is selected on the following

basis:

"('- "".. . ... . .0-00 80-tOo f0o-t1o 100-120 -. IO-,@ 1o _-140

Teuno-pa Ou"NS CC) *2* 660-490 620-9 40 J560-600 j 540-560 520-540 j 0630iu

1 ) Ob (kg/mm2); 2) tempering temperature (*C).
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Depending on the strength required, isothermal quenching of 30KhGSAk

steel is carried out in quenching baths whose temperature is selected

on the following basis:

Teoo.Ipa *R. 1JI oqI) • I"PSIP (.C) 370-400 3f 0-390 2XO-340 2310--10 I1o-2- u

1) Ob (kg/mm2 ); 2) quenching-bath temperature (°C).

During isothermal quenching 30KhGSA steel is held in the quenching

bath for 15 min. Isothermal quenching ensures less warping of the com-

ponent than ordinary quenching. Steels of the cromansil type (30KhGS

and 25KhGSA) are used for machine components to be machined and welded,

type 25KhGSA steel in sheet form is used for welded structures, includ-

ing tanks intended to function under pressure, and types 33KhS, 38KhS,

and 35KhGSA are used in the manufacture of various medium- and high-

strength components intended to be machined.

Chromium-manganese steel. Since they have an increased hardenabil-

ity, steels of this type can be used in place of nickel-containing

steels. Addition of titanium promotes a fine-grained structure and re-

duces the tendency of the steel to overheat. Table 13 shows the mech-

anical characteristics of chromium-manganese steels.

The influence of the tempering temperature on the mechanical char-

acteristics of 30KhGT steel is represented in Fig. 9. Chromium-mangan-

ese steels are employed in various branches of machine building, in-

cJluding the automobile industry and machine-tool building. Type 30KhGT

steel is used for components to be subjected to cementation (the high

hardness of the core increases the static and dynamic strength of such

components); type 40KhGT is used for components to be surface quenched

with high-frequency electric heating and subsequent tempering at 1800,
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TABLE 13

Mechanical Characteristics of Chromium-Manganese
Steels According to GOST 4543-61 (no less than)

5 .oxr... 3,iarna c #so e acne: 0. ups go 75 10 .,187."
6 2oxrP . .. . I-*- 0. ue -o-

0 •a macae; o-rnxCK npQ 200" to0 s0 9 50 4 <S0?7 ~ ~ ""J"4 e. 9 St3* a Nacn; 0707CM npuwox".a. . 15 3n,00ica c 865• " u. e;8 45 6 (2298 4oxrp 1.6 3aic ion*m c 840* e uacae; OtTi)'V Ups
5201 to0 so0 It 45 a <2419 30Xrr** 3aswnn.* C 850* a SCf.e; o0r-CM up*

10X"T* 11 200 IS0 130 3 40 6 <221

SaMaa c t500 1 45 e (C241S1.2s0xrH .... 3aamsms c 8600 a soatr; orala "Its

500" 11 10 45 7 <221
1 l3*xrH 201 3spuANS a 850* a -,aere; omycig nPw

$700 to 170 1: 121 5 to <229

"-*fter annealing or high tempering.
**This type of steel is not provided for int GOST 4543-61.

1) Steel; 2) heat treatment; 3) kg/mm2 ; 4) kg-m/cm2 ; 5) 20)KhG; 6)

20KhGR; 7) 40KhG; 8) 40KhGR; 9 30KhGT; 10) 35KhGT; 11) 40KhGT; 12)
3OKhGNA; 13) 38KhGN; 14) quenching from 8800 in oil, tempering at 1800;
15) Ist quenching from 9100 in oil, 2nd quenching from 8700 in oil,
tempe-rIng at 2ý000; 16) quenching from-840 0 in oil, tempering at 520";
17) quenching from 8500 in oil, tempering at 2000; 18) quenching from
8500 In oil, tempering at 5800; 19) quenching from 8800 in oil, temper-
Ing at 500"; 20)--quenching from 850 in oil, tempering at 570*.

"2 FrO..,.ON 1o

Fig. 8. Impact strength of 30KhGSA steel at low temperatures as a func-
tion of tempering temperature. 1) kg-m/cm4; 2) tempering temperature,
OC.

946NI1 o soo ,

Fig. 9. Influence of tempering temperature on the mechanical charac-
teristics of 35KhGS steel. 1) kg/mm'•; 2) tempering temperature, 0C;
3) kg-rn/cm2 . 2546

% 0



III-104s13

W So-
4W

-0

60 to 
S Soo-

tO 30 400 300 60

Fig. 10. Influence of tempering temperature on the mechanical charac-
teristics of 40KhNMA steel. 1) kg/mm ; 2) tempering temperature, 0C;

3) kg-m/cm2 .

the surface hardness RC reaching 2 52-56 after such treatment. Gears

with teeth treated to a hardness RC = 48-553 are also produced from

40KhGT steel. Its Ti content makes 40KhGT steel less susceptible to

overheating during surface quenching with high-frequency electric heat-

ing. In individual cases components of this steel are quenched in oil

and then tempered at 2000, which gives them the characteristics ob 2

S180 kg/mm2 and 2.5 kg-m/cm2. Components with such a high hard-

ness can function cnly in the absence of sizeable stress concentrators.

Chromium-nickel steel. Steels of this type are among the highest-

quality structural steels, having a good combination of strength, vis-

cosity, and hardenability. Addition of Ni to chromium steel ensures a

fine-grained Structure, improves its characteristics across the grain,

and increases its resistance to brittle fracture, the latter being very

important for reliable functioning of machine components. Supplemental

alloying of chromium-nickel steel with Mo enhances its hardenability

and improves its macrostructure, especially in large semifinished pro-

ducts.

Type l6KhSN steel, which is alloyed with Cr and small amounts of

Si and Ni, is intended for mass production of small components by up-

2547
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setting. Table 14 shows the mechanical characteristics of chromium-

nickel steels.

Figure, 10 represents the mechanical characteristics of a chromium-

nickel steel as a function of tempering temperature. Table 15 shows the

characteristics of 40KhNMA steel at elevated temperatures, while Fig.

11 shows its characteristics at low temperatures.

TABLE 14

Mechanical Characteristics of Chromium-Nickel Steels
According to GOST 4543-61 (no less than)

.. I .. .......

40XH .5. . 3a'rana c 820" m v oae wan macne;arony-cm n~ 5001 too so It 45 7 4207

*$XH -6 To me,onycx npi 530" 12 105 85 to 4s 7 4207

SOXR 7... To we 13 11o 90 9 40 5 4207

OXRMA.S. 3aasme c 8" a mac-ne; oTn),cx au G O 95 12 50 Cb26t2o*, 14 too 8S 12 5 108
* X M 8 2)tt00 95 12 5 saI401119A Towe 2 0 420

O IXCHe'i0. 3axanua 0 92+P a. moe; mawnT Rpm 100 1 1 5 to3 0. 0 C 15 too - - -

-'-7ter annealing or high tempering.
**Mechanical characteristics not given by GOST.

I) Steel- 2) heat treatment; 5 ; 4) kg-m/cm ; 5j 4OKhN; 6)
45KhN; 7150KhN; 8) 40MNtA; 9) 4OKhNVA; l0),16KhSN; 11) quenching from
8200 in water or oil, tempering at 500Q; 12) the same, tempering at
5300; 13) the same; 14) quenching from 8500 in oil, tempering at 6200;
15) quenching from 9250 in water, tempering at 4000.

TABLE 15
Mechanical Characteristics
of 40KbMA Steel at Eleva-
ted Temperatures*

rTemue- 06j 0o, 6,1,

20 109 97 15 58

250 103 85 13 47 10
350 t03 83 57 53
400 97 79 17 83 9
4O S 90 78 17.5 74 -
boo 71 69 18 80 6

-'ter quenching from
8600 and tempering at 5800.

1) Temperature (°C); 2) kg/
2 2

Anm ; 3) kg-m/cm
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TABLE 16

Physical Characteristics of
Chromium-Nickel Steels

xv~q 2 ýVtnne , . C) 4 3

AC, Ac *

6•0xH 5 730 770 0:10 5I tl.:&7 0.1 07 : '7 5. 31 7'0 770 0.0185 11.5

84uXi1BA . . . . 730 790 0. .6

1) Stepl; 2) critical points (OC); 3) X (cal/crn.sec. 0 C) at I000; 4)
a .106( /C) at 20-100*; 5) 40KhN; 6) 50KhN; 7) 40KhNMA; 8) 40KhNVA.

go

so

Fig. 11. Mechanical characteristics of 4OKhNMA steel gt low tempera-
tures (quenching in oil, tempering at 5600). 1) kg/mmu; 2) temperature,
*C; 3) kg-m/cm2.

The physical characteristics of chromium-nickel steels are shown

in Table 16.

Steels of this type readily undergo hot machining, rolling and

forging being carried out over the range 1200-8500. They -have a ten-

dency toward formation of floccules so that rolled and forged products

are coo.ed slowly after hot deformation; large forgings are subjected

to special annealing to remove the hydrogen present. These steels have

satisfactory machinability in the annealed state. Types 40KhN, 50KhN,

4•OKhNMA, and 40KhNVA steel weld poorly, while type l6KhSN welds satis-

factorily. When necessary, 40KhN and 40KhNMA steels can be welded if

they are heated beforehand ard tempered or annealed immediately after
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welding. Types 40wiN, 50KhN, and 40KhNMA are generally quenched in oil;

In rare instances large components are quenched in water and trans-

I. -ea to oil or subjected to immediate tempering. Type 16KhSN steel

supplied in the form of wire or wire rod,being intended for the manu-
•2

facture of upset bolts heat treated to a a=- 110-130 kg/mm or less.

The distinctive feature feature of thl steel is its exceptional abil-

ity to undergo cold upsetting in the annealed and mildly cold-worked

states. Type l6KhSN has a good combination of strength and plasticity

after quenching and tempering. Types.40KhN and 40KhNMA steel are used

in the mass production of machinable.machine components. Components

of 40 KhN steel are often subjected to surface or through quenching

with high-frequency electric heating and subsequent low tempering in

order to produce a high surface hardness (RC = 52-56). The maximum

cross-sectional thickness of components fabricated from 40 Kh= steel is

100-120 mm, while that of components fabricated from 40KhNMA steel is

150-200 mm. Type 40KhNMA is successfully.employed in the production of

-components 100-120 mm thick to operate at temperatures of up to 450*.

References: Spravochnik pomashinostrQitellnym materialam [Hand-

book of Machine-building Materials], Vol. 1, Moscow, 1959; Davydova,

L.N. Pshechenkova, G.V., Konstruktsionnyye stali [Structural Steels],

Handbook, Vol. 1, Moscow, 1947; Avtomobil'nyye konstruktsionnyye stali

[Automobile Structural Steels],-Handbook, Moscow, 1951.

Ya.M. Potak
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25) LOK59-1-0.3; 26) MF3; 27) VPr2; 28) VPrl; 29) VPr4 30) nonstand-
ard; 31) the same; 32) GOST; 33) TU; 34) remainder; 35M soldering ti-
tanium and its alloys; 36) soldering copper components not subject to
impact or vibration loads; 37) soldering copper and copper, nickel,
and titanium alloys, as well as steel and cast iron. When soldering
copper alloys, steel, and high-hot-strength alloyz 209 flux is used;
chemical nickel-plating is employed before soldering titanium alloys
with PSr40 or PSr45 solder; 38) soldering steel and titanium alloys in
an argon atmosphere; 39) soldering structural steel in a hydrogen at-
mosphere or stainless steel in dry hydrogen or with gaseous fluxes;
40) soldering stainless steel and high-hot-strength alloys in a flowing-
argone atmosphere; 41) soldering copper and steel with 200 flux or
borax; 42) soldering copper and copper alloys with 200 flux or borax;
43) soldering copper in air, using high-frequency heating, electrical-
resistance heating, or a blowtorch; 44) furnace soldering of steel in
an argon atmosphere; 45) soldering steel and nickel alloys in a vacuum
(10"2-10"3 mm Hg) or argon atmosphere with 200 or 201 flux, employing
high-frequency heating, a blowtorch, or an electric furnace.

Silver solders are the most widely ued and are suitable for soldering

copper, titanium, and nickel alloys, steel, and high-melting metals

* and alloys; they are technically the most efficient and have high elec-

trical conductivity and strength. Silver is sometimes used in soldering

titaniim and its alloys. Among the elements which reduce the melting'

temperature of silver solders are copper, zinc, cadmium, antimony,

phosphorus, tin, and indium. Alloys of the Ag-Cu type, which have good

technological characteristics, are widely employed as solders. It is

possible to reduce the complete-fusion temperature of Ag-Cu alloys to

605* (while retaining sufficient plasticity) by alloying them with cad-

mium and zinc. A further decrease in the melting point of silver sol-

ders can be achieved by increasing their cadmium content or by adding

subst..ntial quantities of antimony and phosphorus, which lead to in-

tensive embrittlement of the solder. Such solders are suitable only

for soldering copper components not subject to bending or impact loads.

A solder has been proposed with the composition 41% Ag, 14% Cu, 16% Zn,

and 24% Cd; this solder is alloyed with 5% Sn and has a melting point

of 5500. Solders based on Ag-Mn (Ag and 15% Mn) solid solutions are

.2552
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used in some cases; however, they have lower technical characteristics

than solders based on Ag-Cu or Ag-Cu-Zn-Zd. Moreover, Joints soldered

in stainless steel with solder consisting of Ag and 15% Mn tend to cor-

rode in alkalies. Addition of small amounts of lithium (0.2-0.8%) to

silver solders improves their wetting power and makes them self-flux-

ing in a neutral-gas atmosphere when soldering stainless and structural

steel and nickel alloys. However, addition of lithium to alloys con-

taining less than 70% Ag sharply reduces their rollability. Addition

of phosphorus in widely varying concentrations makes many silver sol-

ders self-fluxing when soldering copper in air. Copper is used as a

solder principally for soldering structural and stainless steels. The

principal elements that reduce the melting point of copper solders are

zinc, silicon, tin, phosphorus and manganese. Binary copper alloys con-

taining zinc, silicon, or tin crystallize to form peritectis. It is on-

ly with phosphorus that copper forms eutectic alloys with an especial-

ly high flowability and a high capacity for wetting the base material

"and filling capillary spaces. Copper and manganese form a continuous

series of solid solutions, which serve as the basis for a number of

solders. Of the copper solders, brass, copper-phosphorus bronze, and

Cu-Mn-Ni solders are widely used. Among the alloying elements which

give copper solders special characteristics are nickel, which reduces

their oxidizability in the solid and liquid states, phosphorus, which

makes them self-fluxing when soldering copper in air, lithium, which

makes copper and Cu-Mn-Mi solders self-fluxing when soldering stainless

steel in flowing argon, and titanium and zirconium, which activate

lithium-containing self-fluxing silver solders.

Manganese and zinc are among the elements easily ignited during

soldering and promote joint porosity, especially when welding with

200 and 201 fluxes in furnaces and gas-burner flames. Solders of the
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Cu-Mn-Ni type containing >15% Mn (20-30% Mn) are used principally for

soldering steel in an atmosphere of flowing argon (with lithium-con-

taining solders) or gaseous fluxes. Small amounts of silicon are added

to brass to prevent combustion of its zinc. Nickel solders are used for

soldering high-hot-strength alloys and steels (see Solder for soldering

high-hot-strength alloys). The table shows the compositions of certain

copper and silver solders. - --

References: Kulikov, F.V. and Lekhtsiyer, I.R., Tverdaya payka

[Solid Soldering], Moscow-Leningrad, 1959; Bruker, H.R..and Bitson,

E.V., Payka v promyshlennosti (Soldering in Industry], translated from

English, Moscow, 1957; Lueder,.E., Handbuch der Loettechnik [Handbook of

Soldering Technique], Berlin, 1952; Mikova Shenesaku, Nizkotemperaturnyy

serebryanyy pripoy [Low-Temperature Silver Solder], Japanese Patent No.

3303, 22-06-61. See also the Referen~cq to the article entitled Solder-

N.F. Lashko and S.V. Lashko
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MEDIUM-STRENGTH ALUMINUM CASTINGALLOYS - see High- and medium-

strength aluminum casting alloys.
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MEDIUM-STRENGTfH ALUMINUM SHAPING ALLOYS , widely used structural
shaping alloys having a strength of 30-45 kg/mm2. They include the al-

loys designated as AV, AK6, AK8., AK2., AK4, AK4-1, VDl7 , Dl6, D19,

VADI, M40, D20, AMg6, SAP-2. AK6, AK8, AK2, AK4, AK4-1 and VD17 are

forging alloys (see Aluminum shaping alloys for forging); VADi, M40,

and D20 are high-hot-strength weldable alloys (see Weldable aluminum

shaping alloys); AMg6 is a corrosion-resistant weldable alloy (see Cor-

rosion-resistant aluminum shaping alloys); SAP-2 is a sintered alloy

(see Sintered aluminum powder).

AV alloy is a Al-Mg-Si system containing a small admixture of cop-

per; Dl, D16, D19, VADI and M40 alloys are Al-Cu-Mg systems, all having

a far higher copper content than AV alloy. The corrosion resistance of

aluminum shaping alloys decreases with copper content, so that the re-

sistance of AV alloy is far higher and its strength characteristics

far lower than those of the other alloys under consideration. AV alloy

is distinguished by high plasticity when hot and can be used for fab-

rication of geometrically complex forged, stamped, and extruded arti-

cles. It is the strongest of the Al-Mg-Si alloys. In order to improve

its corrosion resistance the Cu and Zn contents should be limited to

0.1% each. Research has shown, however, that the Al-Mg-Si alloys AD31,

AD33, and AD35 have a substantially higher corrosion resistance, al-

though they are somewhat less strong than AV alloy. It is wise to sub-

stitute the corrosion-resistant alloys AD31, AD33, and AD35 for AV al-

loy in assemblies which will have long service lives. On the other hand,

it is expedient to use AV alloy for geometrically complex forged and
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stamped articles which must have high strength and a rather high corro-

sion resistance. This alloy is used after natural or artificial aging,

predominantly the latter. Artificial aging c-f AV alloy leads to an in-

crease of 50% in ultimate strength and more than doubles its yield

strength.

Al-Cu-Mg alloys are arranged in the following order, in accordance

with the copper-magnesium ratio:

S oMe.a=.le As this ratio decreases the corrosion re-

Al .34.* I35 sistance of the alloy improves, sensitivity to
AXIR 2.5 .761 .76
jig117 1.73 intercrystalline corrosion after heating to

1) Alloy 2) Cu/Mg ICO-1700 being particularly reduced.
ratio; 3) Dl; 4) D16;
5) D19; 6) VD17. Dl alloy is used to produce all types of

semifinished products, while D16 and D19 alloys

are used for fabrication of rolled and extruded articles and wire.

In addition to quenched and naturally aged sheets, D16 alloy is

used for cold-worked sheets (Dl6ATN). The sheets are cold-worked by

cold rolling after quenching; the degree of cold working amounts to 6-

7%. This increases the ultimate strength and pecially the yield

strength of the sheets and somewhat reduces their elongation. Cold-

worked sheets are used when there should be no substantial deformation

during the fabrication process. Sheets of D16 and D19 alloys are

strongest whensubjected to further cold working, of the order of 20%

(Dl6ATlNl). Such cold working makes it possible to increase sheet

strength by 6 kg/mm2. Subsequent artificial aging at 130° yields ap-

proximately the same elongation level as in DI6ATN sheets. However, in-

tensively cold-worked Dl6ATlNl and D19ATINI sheets have an increased

sensitivity to stress concentrators and the expediency of using them

should be carefully checked in each individual case.

The sheets are aluminum-plated to provide corrosion protection
2557
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(AV alloy need not be plated). The thicker the sheets, the less is the

relative thickness of the plating; the absolute thickness of the plat-

ing layer should never be less than 4,) g. In order to avoid diffusion

of the copper through the plating layer (which causes a decrease in

corrosion resistance and a deterioration of appearance) extremely thin

sheets of D16 alloy carry a thicker plating.

AV, Dl, D16, and D19 alloys exhibit a pronounced pressed effect

(see Press effect in aluminum alloys), so that the strength character-

istics of shapes depend on their cross-sectional area and are higher

than for rolled sheets and plates. As a rule, the larger the cross-sec-

tional area of the extruded products, the higher are the strength char-

acteristics of the alloy. The difference between the ultimate strength

and yield strength of shapes extruded from D16 alloy reaches 6-9 kg/mm2,

depending on cross-sectional area. By regulating the chemical composi-

tion of the D16 alloy and the technical'restrictions on the extrusion

process it is possible to obtain high strength characteristics over a

broad range of cross-sectional areas (so-called high-strength shapes).

Certain types of semifinished products e truded from Dl and DI6 alloys

can be regarded as high-strength product (having ultimate strengths of

more than 45 kg/mmr2 ). In some cases a zo e of large grains appears at

the periphery of forged and, particuiarly, extruded articles; this is

the so-called large-crystal border. The strength of this border is far

less than that of the remaining cross-section of the product.

After quenching sheets, shapes, and panels of aluminum shaping al-

loys with special properties are straightened, which affects both the

geometric shape and properties of the sen ifinished products. Straight-

ening redistributes the internal stresse and reduces the deformation

during subsequent mechanical processing: ab and c0. 2 are raised by 1-3

kg/mm2 and the yield time is markedly increased. If sheets, shapes, or

2558

-Ie



I-48a3

panels are requenched at the consumer plant (when extension is not car-

ried out) the strength characteristics and yield time are accordingly

reduced.

Natural aging of D16 alloy after brief annealing at temperatures

above 1500 causes a marked decrease in corrosion resistance, so that it

is better to use D19 alloy, which is less sensitive to intercrystalline

corrosion, or artificially aged D16 alloy. The susceptibility of D16

alloy to notching under alternating stresses is virtually the same af-

ter natural and artificial aging. The plasticity of this alloy is mark-

edly reduced after artificial aging: all technological operations must

be carried out after natural aging, while riveted assemblies are sub-

jected to artificial aging.

M40 alloy is of considerable interest. It can be forged, rolled,

or extruded and is satisfactory for all types of welding. For plated

sheets of M40 alloy ob = 39-43 kg/mm2 , 00.2 = 25-35 kg/mm2, b = 18-6%.

For extruded shapes ab = 43 kg/rn 2 , O.2 = 32 kg/mm2 , and 6 = 13%. In

contrast to D16 alloy, large shapes fabricated from M40 alloy do not

tend to corrode under stress. The weldable variant of D19 alloy, VADI,

can be used for welded assemblies. Tables 1-11 and Figs. 1-1.0 give da-

ta on the mechanical and physical properties of a number of these al-

loys.

Corrosion resistance. AV alloy has a higher corrosion resistance

when naturally aged. The artificially aged alloy has a tendency toward

intercrystalline corruoion, which becomes stronger as the copper con-

tent increases.

Plated sheets of DI and D16 alloys I mm or more thick have a high

corrosion resistance. Sheets less than I mm thick have a lower corro-

sion resistance. Sheets less than 1 mm thick with a thicker plating

layer have a high corrosion resistance. The resistance of D16ATN plated
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TABUE1

Mechanical Properties of Semifinished Products Fabricated from AV, Dl,
D16, D19, M40, VADi Alloys (at 200)
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artificially aged (AVTl); 8) quenched and naturally aged; 9) annealed(AVM), I0) D; 1) stampings, forgings; 12) quenched and naturally aged

(ca - •kg-m/cm ); 13) D16; 14) large-size shapes; 15) freshly quenched;
16) annealed; 17) rods 40 mm in diameter; 18) D16, D10; 19) plated

sheets; 20) quenched and artificially aged at 1500 for 10 hr; 21) ex-
truded shapes$ 22) quenched and artificially aged at 1708 for 16 hr;
23) Dl6TI; 24) quenched and artificially aged; 25) shapes; 26) VADl.
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TABLE 2
Mechanical Properties of Sheets
of D16T Alloy (naturally aged)
at Elevated Temperatures*

Ix

-...-...... 1 (% =

00 0.5 28.0 41.0 L W

tO 29 4 4 40.0
100 29.0 42.0 14 39,0
D0(O1 30.0 42 . . Is 38.0

0,$ 27'0 40.0, 1?

,6 ,•t 3 .0

100 30,0 4') 12 32.0
1000 33.0 37 9 25.0

0. 23, 0 36. FS -5

to( 2S.0 27.0 3 IS.0
1000 20.0 22.0 II 12.0

*At 20 a, 44 kg/mm ; a0 222O

30.5 kg/mm ; 6 = 16%.
1) Test temperature (°C); 2) holding time (hr); short-term tensile
tests; 4) kg/mm ; 5) long-term strength a (kg/m)

TABLE 3 TABLE 4

Mechanical Properties of Mechanical Properties
D16T1 Alloy (Artificial- of Shapes Fabricated
ly Aged) at Elevated from D16TlPP Alloy at
Temperatures* Elevated Temperatures*

Tema-ps

(') !.• ('• ) I a% rn'c)- ! -,,, -.

MCOIJ1AHN - 'i.ll(e

SO I 368 4n ?a 52 611 35.5 32 20.5
75 36 43.0 10 500 sosa 35 32 19.3

S 3 ISO 6400 33 30 15.$200 35 42. 1 2 200 60O0 32.$ 29 5
250 22 26 12 250 5450 23 21 13.0

*At 2C ab = 51 kg/mm2 ;
"-0.20°41 kgbm 2 ; 6 =g5%.; 00.2 = 41 kg/mm2; 6 = 10%.

02 Test temperature (0C);

1) Test temperature (°C 2) kg/ 2 .
2) holding time (hr); 3)
kg/mm2 .
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TABLE 5 TABLE 6

Mechanical Properties Mechanical Properties of
of Sheets of D16AT Rods Fabricated from D16 Al-
Alloy Under Compres- loy Under Torsion and Shear
silon at Elevated Tem- at Elevated Temperatures
peratures ........... ..... -• ~~~T1.1 - i " I : ,, T 77I•

( O2 I 2 017 % 3 1 I 1 3 2 6

...t o - 0 33 3 I ) 2%
175 OS 34 3,%5 7 Il 3 23)0 3 12$ 13 24.5

on I a 2V '2. A 7. 1 a3 27,1
too 4,5 34 37,0 6 0 25 :o 25 17.0 to 37

225 0.5 30 33.0 7 300 7 I I iS 6 32

910 0.1 20 29.1 6

1 Test ýemperature (°C);
1 Test temperature
C( ); 2) kg/r,.

TABLE 7

Influence of Heating Time at Elevated Temperatures
on the Mechanical Properties of Large Shapes Fabri-
cated from the D16T Alloy (at ý0 , with grain:
O = 52 kg/run2 , Vo.2• 38 kI', 61o 16%; across
grain: ab = 45 kg/mr2 00.2= 33 kg/mm, 610 - 15%)

2 nocive narpeas 3;pN Tip n a7epar IIfnl.IN a reiexne *

Town-pa uen".rtaol 0.1 qc. 3 100 -qae. . 200 ,Me.

""-O 1 j', l _ _q.. 00 " I *% " "

I',*'
(00%1 .. . r., .uI ....* (%)I

I•• 4~ e4 ll tSI..4 II,s

• =•,,.-I. .,. .. )..
2I•5 It I': 3let Ia @

300 i I. 11t4 Il J 14-- -
21 0 s /t Ii!..I -, --

-'-e numerator represents the figure with the
grain and the denominator the figure against the
grain. '
1l) Test temperature ( 0C); 2) afte• heating at test

temperature for*; 3) hr; 4) kg/mm.
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TABLE 8
Influence of Natural and Artificial Aging on the
Mechanical Properties of Sheets of D16 Alloy

Neninamwe rip. 20' rA 5 Ik Wldalre~ nipm 104, wiene twiepwia tipsi 20V P S wo

6 0 s 100 %se.

PCn Id 2 esevm pl• . ... *• erSV..IquM e m w j O? ,i

_______4 _ (WF. ALAI

44.5 30 1,to 47 , 4,.51 G f I tn.$ 3 ,.5 , t j o.s 12 -, 1 ,2

f) Testing at 20;i 2) natural aging; 3) artificial agings; 4) kg/mm2 ;
5) testing at 200 after holding at 200@ for; 6) hr.

TABLE 9
Mechanical Properties of M40 Alloy at Elevated Tem-
peratures as a Function of Holding Time

17 200 225* 2?.0*3O

,OAY- CRONC "'0 *n5 to0 0.5 too 0.5 0o !1 too
11c qc. %aC. 1c q %C 4qac. "C. %e 4C.

2Ier t 2R 2$ 26
nJas'upo- * e,,(;' .,_I • • 2t 20 - -(AL) A '% % S= IS | 20

AII) S •e '" ) O 12 11

.'luciw 30 (a .. '0 2

A"11 ('0M' 34 31 2' 1 12 - 7 020 I I
a1 pe c, ,,I (t '1 2A 2 I 3 I 1 I - -

IaH IC( '..(~ C.) 123 I 2 - 23 to 25

1) T pe of semifinished product; 2) properties; 3)
hr; 4) plated sheets (AT); 5ý plated sheets (ATN;6) extruded shapes; 7) kg/rn

TABLE 10

Mezhanical Proper-
ties of Sheets of
VADI Alloy at Elev-
ated Temperatures*

111C1 , . .. . I•"* .

(c) 1 2 ("""') (%

Nin 23 I33 :"0 21 V 27 1III0 1 10 IS

"_9 200 E = 6800
kgn 2 ; b = 2 kg/ 2
mm ; a0 2 = 28 kg/mm ;
6 = 18%: 1ý Test tern-
per~ature ( C); 2) kg/

2563
,. .. " ...iA



'-48a8

al.

Fig.1. Normal-distribution curves for ultimate strength of sheets of
Dl6AT alloy: 1) Sheets 0.8-1.2 mm thick; 2) sheets up to J.5 mm thick;3)sheets up to 4 mm thick. a) Frequency, %;_b) ab, kg/mm•. '

41

Fig. 2. Normal-distribution curves for yield strength of sheets of
D•6AT alloy: 1) Sheets 0.8-1.2 mm thick; 2) sheets up to 2.5 rIn thick;
3) sheets up to 4 mm thick. a) Frequency, %; b) O.2, kg/mm2.

IN

2'.s

ii,

a i

at a

Fig. 3. Normal-distribution curves for elongation of sheets of D16AT
alloy: 1) Sheets 0.8-1.2 mm thick; 2) sheets up to 2.5 mm thick; 3)
sheets up to 4 nm thick, a) Frequency, •.

sheets (which are cold-worked and naturally aged) is satisfactory. Un-

plated extruded and forged semifinished products have a low corrosion

resistance. Mass-extruded articles fabricated from D16 alloy exhibit a

tendency toward intercrystalline corrosion when quenched and naturally

aged. Heatirg naturally aged semif iiished products to temperatures

above 100* creates a tendency toward intercrystalline corrosion. The

corrosion resistances of naturally and artificially aged semifinished

2564"
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products fabricated from D16 alloy are virtually Identical; however,

subsequent technological and operational heating of the artificially

aged alloy does not cause the decrease in corrosion resistance ob-

served in naturally aged semifinished products. When the proper anod-

Izing (oxidation) regimes are observed varnish coatings ensure reliable

protection of plated and unpiated semifinished products. Polished pla-

ted sheets can be used without anodizing (oxidation). The corrosion re-

sist ance of D19 alloy is the same as that of D16. Artificial aging does

not reduce the corrosion resistance of M40 alloy. The latter can be

protected against corrosion in the same manner as D16 alloy.

71,-

1) a, 0.4 s 5

Technological properties. AV alloy has a high plasticity when an-

nealed and satisfactory plasticity after quenching and natural aging;

its plasticity is reduced by artificial aging. It also has high plas-

ticity when hot. This alloy can be used for fabrication of extruded

and forged articles of complex geometric shape. The forging and stamp-

Ing temperature is high, 47o-4750. The heat-treatment regime involves

2565



1-48al0

10

2

Fi~g.. 5. Creep curves for D16T alloy at 150" (sheet 2 mm thick). 1) To-
Vtal deformation, %;.2) test time, hr; 3) kg/mlm2.

a 3

Fig. 6. Creep curves for D16T alloy at 2000 (sheet 2 mm thick). 1) To-
tal deformation, %; 2) test time, hr; 3) kg/mm.

40.

a0
of5

Fig. 8. Crtaticedurance for D16T alloy (extruded(shapet une repeak).1)Ted
tasldetoricton %; 2) tes 0.)etiension.1) 0mk k/mn;2)nube o

cylsto M jo eT *3
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20 P
5~.k- - -.0 is 20 Is J8

Fig. 9. Influence ef test temperature on static endurance of Dl6AT al-
loy (sheet 3 mm thick) on repeated asymmetric (a /a = 0.1) exten-
sion. 1) Omax, kg/mm2 ; 2) number of cycles to fr ur~eUA

s . _1.. . - I

01., 1F 1=0
-,, ce. o,.e.

2 ~

Fig. 10. Data on the endurance of semifinished products fabricated from
DI6 alloy after quenching and natural aging, obtained by bend-testing
of rotating specimen: unnotched speciiiens - black dots (d = 7.6 mm);
v-notched specimens - white dots (d = 8.4 mm, r = 0.025 rm). i) a,
kg/mm2 ; 2) number of cycles to fracture; 3) roll~d rod; 4) rolled plate;
5) extruded semifinished products.

postquenching annealing at 515-525*, water-cooling, and natural (AVT)

or artificial (AVTI) aging at 1500 for 6 hr; the strength characteris-

tics of artificially aged semifinished products fabricated from AV al-

loy decrease when the interval between quenching and aging is prolonged.

Annealing is carried out at 350-370* and is followed by air-cooling.

DI alloy has satisfactory plasticity when annealed, freshly

quenched, or hot. The forging and stamping temperature is 450-4750.

The heat-treatment regime involves postquenching annealing at 495-5100,

water-cooling, and subsequent natural aging for no less than four days.
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TABLE 11

Physical Properties

C a- ( , ' 1 4 -o A ! A

AD 2.1 21.8 0 ~-50 0.3? (24 1 0.055 (A3'? 0., 00-) 56 (A1$W)
+-201) A U I A;Tm15 nA RTI)

:*.23 300) 45 (ARTB
25.4 *.45 (300ý) IAY 1.037 (AUTO) APTI )

(200-300.') 1________________

At 2.6 121.8 +(02? 510 0.21(2:5:) 18 0S( T) .2 IO 3flT

3 102) 0...3;0
0  0.42 (400*)2Ra(10.21)( 300 MOT)

3 5(2-00)0.20.41 (26.) At M 19 __0___) 41 (,-at__ MY____

All 2.76 21.4 0r -50 0.29 (25-Y (Al I6TJ .(0.07'3 (Atli) 0.22 (3102 30 (21?6T)

9 24.7 0.'46 (25*) (AIGE) 0.044 (AlEE) 0.28 (50) 50 (Al SH)
- - ______ -(20-300') 21 _______I ______

AtI* 2.7i 20.3 0.33 (100') I 0.21 (100). 040 1 26(3O _ _ _ _

- -(210-f 0 1A 9 ,01

10 27 25.2 I 0.41 (.5) 9T)40 *I2 (3040.)
(240-2500  22~; 0.26j0 (400540)

DIARI 2.76 24. 6 0.26 (2510) 0.21 (3100:)I
(.no-100* IIAAIT 0.0594 I

27. 6 0.36 (00011 (IIXZXIT) I0.23 (00)
12(20-4001)1 ______1______

*As % of the conductivity of copper.-
1) Alloy; 2) g/cm ; 3) cal/crn-sec. C 4) Ohnm * m cal2 C; 6specific conduct.vity*)(%); 7) AV; 8~ Dl; 9) D16- 10 D19- 11) m40-
12) VADI; 13) from; 14) toi 15) AVT and AVTl; 161 AVM; l7j AVTl;l81
DlT; 19) DiM; 20) Dl6T; 21~ D16M; 22) D19T; 23) M4OT;;24) VADIT.

Annealing can be carried out un der two regimes: heating at 390-430%,

cooling to 250-2700 at no more than 300/hr, and air- cooling. This regime

ensures higher plasticity. The second regime Involves heating at 350-

370* and air-cooling.

D16, D19, VADI, and m40 alloys have satisfactory plasticity when

annealed or frashly quenched. D16 alloy has its highest hot plasticity

at 350-4500. This alloy is subjected to'.popstquenching annealing at 495-

505*, water-cooling, natural aging'for'no less than 4 days, and arti-

ficial aging at 1900 for 11-13 hr (for sheets) or 6-8 hr (for extruded

articles). Sheets of D16 and D19 alloys -cold-worked to 15-20% are arti-

ficially aged at 125-'2350 for 10-20 hr.- The first annealing regime for

P 2.568
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these alloys involves heating at 390-430, cooling to 250-2700 at no

more than 30 0/hr, and air-cooling; the second regime involves heating.

at 350-3700 and air-cooling. The first annealing regime provides higher

plasticity; before annealing cold-worked sheets they should be heated

at 450-5000. It is recommended that semifinished products of D16 alloy

which must function at 1500 or which will undergo technological heating

to this level be subjected to artificial aging. It is desirable that

this operation be carried out at the consumer plant, so that all tech-

nological operations involving deformation of the material are executed

before aging. When the semifinished products must not undergo deforma-

tion at the consumer plant artificial aging can be carried out at the

producer plant. For quenching D19 alloy is heated to 500-515° (sheets),

495-50-50 (shapes) or 503-508* (wire), water-cooled, and naturally aged

for no less than 5 days. Samples to be used for checking the mechanical

properties of wire after quenching are aged at 1000 for 3 hr.

M40 alloy has high plasticity when hot. This alloy is hot pres-

sure-worked at 380-4400. The heat-treatment regime for semifinished

products involves quenching from 5000 and artificial aging at 150 + 50

for 10 hr, at 175 ± 50 for 16-20 hr, or at 200-2200 for 10-20 hr, de-

pending on the type of product. Annealing to produce a soft material is

carried out at 380-4200; the alloy is furnace-cooled to 270-2800 and

then air-cooled. The annealed alloy has satisfactory stampability, ap-

proximating that of D16 alloy. The quenched alloy is highly plastic,

which permits cold-working of sheets to deformations of up to 50%. Na-

tural aging does not strengthen the alloy, so that tnere is no limit on

the interval between quenching and cold-working or artificial aging.

AV, Dl, A16, D19, VADl and M40 alloys have satisfactory cuttabil-

ity when naturally or artificially aged and reduced cuttability when

annealed.
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All these alloys can be satisfactorily cut by chemical means (reg-

ulated etching). If this process produces a rough surface the compon-

ents must be subjected to additional surface treatment (e.g., cold

hardening) to avoid a decrease in fatigue strength.

Applications. AV alloy is used for geometrically complex compon-

ents of assemblages bearing moderate loads (aircraft-engine crankcases,

geometrically complex tubes, helicopter rotors,framing, and doors). Dl

alloy is used for medium-strength assemblages. The manufacture of semi-

finished products from Dl alloy has been markedly reduced; Dl has been

replaced by D16 for sheets and shapes, while AK6, V93, and corrosion-

resistant alloys are used for forgings and stampings. D16 alloy is em-

ployed in tensile-stress zones in medium- and high-strength assemblages

requiring a long service life under alternating stresses (replacing V95

alloy); D16 is also used for girders in structural assemblages not re-

quiring high corrosion resistance, as well as for the skin, ribs,

stringers, and longerons of aircraft. Massive round rods cannot be

fabricated from D16 alloy; forging alloys of the appropriate strength

are recommended for this purpose.

D16 (artificially aged), D19, VADI, and M40 alloys are employed in

assemblages which must function at temperatures of up to 250*.

References: Legkiye splavy. Metallovedeniye, termicheskaya obra-

botka, lit'ye i obrabotka davleniyem [Light Alloys. Working, Heat

Treatment, Casting, and Pressure Working], collection of articles, Mos-

cow, 1958; Pavlov, S.Ye., Corroziya duralyumina [Corrosion of Duralu-

min], Moscow, 1949; Mekhanicheskiye svoystva nekotorykh konstruktsion-

rykh staley i splavoy pri komnatonoy i povyshennykh temperaturakh

[Mechanical Properties of Certain Structural Steels and Alloys at Room

and Elevated Temperatures], Moscow, 1957; Livanov, V.A., et al., Otzhig
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listovogo al'kled (Annealing of Cast Alciad], lice a~w, 1940; VOLoflonV,

S.M., Protsessy uprocheniya splavoy alyuminiy-magniy-kremniy i ikh noy-

y~ye promyshlennyye kompozitsii [Hardening Processes for Aluminuxn-Mag-

nesiurn-Silicon Alloys and the New Industrial Compositions of Such Al-

loys], Moscow, 194~6; Stroitel'nyye konstruktsii iz alyuminiyevykh sipla-

vov [Structural Units of Aluminum Alloys], Collecticr~ of articles edit-

ed by S.V. Taranovskiy,, Moscow, 1962.

I.N. Fridlyander and T.K. Ponarlina
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MEDIUM-STRENGTH CAST MAGNESIUM ALLOYS are magnesium alloys with

2ultimate strength < 16 kg/mm which are intended for casting of shapes.

These alloys include the high hermeticity ML3 alloy (GOST 2856-55) and

the ML7-l allcy (AMTU 488-63) which has high creep resistance at 150-

2000 (higher by 2-2.5 times in comparison with the ML5 alloy). Both al-

loys are based on the Mg - Al - Zn system and are not strengthened by

heat treatment. Details of complex configuration are subjected to an-

nealing at 3250 for 5 hours to relieve internal stresses. According to

the specifications the minimal guaranteed properties of the ML3 alloy

are: ab = 16 kg/6n 2 , 6 = 6%; for ML7-l ab = 16 kg/mm2 , 6 = 4%. For chem-

ical composition of the alloys see Magnesium Alloys, for the mechanical

properties see Tables 1-3.

TABLE 1

Typical Mechanical Properties of Alloys at 200 (12-mm-diam specimens
separately cast in sand mold, witnout heat treatment)

I t £ 1 Ic K tH C1.io,

, i (Oe.o ',) 3 1%) 3 (J •3 , CF-a. ,.,A')) 3

s ~ ~ ~ ~ ~ ~ ~ ~ ~ i T'3 •i'° ••°i, bJ " 1 25 11 4'l 5 15.5

U .1 7 0 i 4 0 0 0 1 55 o 78 6 - - . 5 " b . .$ "

*Determin.,.d in cantilever bending of rotating specimen on basis of
2-107 cycles. 2
**On notched specimens 5 kg/mm=, notch radius 0.75 mm.

2 2
1) Alloy; 2) Tsr; 3) (kg/mm); 4) (kgm/cm ); 5) ML.
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TABLE 2
Typical Mechanical Properties of Alloys at Elevated Temperatures (10-mm-
-diam specimens separately cast in sand mold, without heat treatment)

(:.. -e-iuo
r UIrv"

il~o! *.it L tv J , '1' /
N.1I I 6.5 Ii 4n

ML.N

5eensp e 4%. e.at tr e.?ame)
. -, I'I.5 1 )I: 2,5

- i 75, 2 2 4 1

6.5IA is, . 1. 5!I I S.5
- 0 1 5 12.5 5,5

1) Alloy; 2) temperature; 3) (permanent deformation); 4) (kg/m 2 5)

TABLE 3

Mechanical Properties of ML7-l Alloy at Low Temperatures (12-mm-diem
specimens separately cast, without heat treatment)

TMi -' C) 2 (fe ALU)I

4700 19 5 2211 6.1 I .

1) Temperature; 2) (kg/mm
2)

The stress-rupture limit of the Mn7-1 alloy after 100 hours is 9

kg/mm2 at 1500 and 5.5 kg/mm2 at 2000. The endurance limit at 2000 is

3.5 kg/m2.

Physical properties. Alloy ML3: T = 1.78; a = 26.0.lI0-6 (20 - 1000)

27.0.10-6 (20 - 2000) 1/°c; c = 0.25 (20 - 1000) cal/g-°C; X = 0.25

(200) cal/cm-sec-*C; liquidus temperature 6280; solidus temperature 5610;

linear shrinkage 1.6%. Alloy ML7-1 y = 1.76; C = 24.0. 10-6 (100 - 200)

ll°C; c = 0.26 (20 - 1000), 0.28 (2000), 0.30 (3000) cal/g-°C; X = 0.19

(200), 0.21 (2000), 0.22 (3000), 0.23 (4000) cal/cm-sec-0 C; p = 0.109

(20") ohm-mm2/m; liquidus temperature 6450; solidus temperature 505°.
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For corrosicn pr''ent,. c .th tat.: e' d e: a. a•Y

Magnesiun Alloys) panlp~n.t/l~aCzju'r cc~ r' ~t I I I ' >~I'%

/Lacquer Coatings for the ,.,nesiui All y-; . 'he I, alIIy h-az owaýt-

ing properties - high tendency to formation of hot crackz ('n testing

for hot brittlesness the first crack is formed with a ring width of

42.5 mm, while for the ML5 alloy the width for the first crack is 30-

-35 mm), low fluidity (length of test rod for fluidity is 215 mm, while

for the ML5 alloy it is 290-300 mm). Linear shrinkage is 1.4-1.6X. Cast-

ing density is good, the alloy has little tendency to formation of mic-

roporosity. The M.L7-l alloy has satisfactory casting properties: length

of the fluidity test rod is 250 mm, the first crack is formed With a

ring width of 32.5-37.5 mm in testing for hot brittlesness. Linear

shrinkage is 1.2-1.5%. Density and hermeticity of castings are somewhat

higher than for the ML5 alloy. The ML3 and ML7-1 alloys are satisfact-

orily welded by argon-arc and oxyacetylene welding. The ML3 alloy is in-

tended for casting details of simple configuration which require high

hermeticity (pump housing parts, various masoline and oil fittings,tanks

etc.), it can also be used for casting details subject to impact loads.

The maximal operating temperature of the MIL3 alloy is not above 200@.

The ML7-1 alloy is used for casting pump housings, details of oil ac-

cessories and engines operating for long periods in the temperature

range from 150 to 2000.

References: see article Cast Magnesium Alloys.

N.M. Tikhova
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MEDUM T 3E7T TITAIU SHAPING ALLJOYS -alloys wgith an ultimate

strength of not less than 85 kg/nIm 2 . Medium strength titanium shaping

alloys have a specific strength of (18-19).105 cm, satisfactory creep

strength at temperatures up to 3 50-450° and a high corrosion resist-

ance. Medium strength titanium shaping alloys include the alloys: VT3,

VT4, VT6, vT6S and 0T4-2. These are a titanium based alloys with a mod-

-erate amount of the 13 phase. The presence of 13 stabilizing element's

substantially increases their strength at room and elevated tempera-

tures without a perceptible drop in the plasticity. For the chemical

composition see Titanium alloys.

Medium strength titanium shaping alloys are used for making for

gings, stampings, bar stock, while the vr6, VT4, VT6S and OT4-2 allcys

are used, in addition, for making sheets and strips.

For the assortment of forged and stamped semifinished products,

as well as of pressed and rolled bar stock from medium strength titan-

ium shaping alloys see Heat resistant titanium shaping alloys. The as-

sortment of sheets from the VT6S, OT4-2, VT4 and VT6 alloys is deter-

mined by the AmTU 461-60, while the mechanical properties are specified

in AMTu 4 7 6-rl ( Titarum s'-- matpriall.

The mechanical properties of forgings and stampings from medium

strength titanium alloys are the same as for rolled and pressed bar

stock. The mechanical properties of forgings and stampings in the an-

nealed state are presented in Table 1.

Typical mechanical properties of alloys at various temperatures

are given in Tables 2 and 3.
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TABLE 1

Mechanical Properties of Fc,rrtnina- an.l 3tapinn• from
M'ediumr Strength Titaf•ui:. f i ',. A loys

"As annealed.
I) Alloy; 2) TU; 3) 4k./,. 4, ., not less than); 5 e) "n 6)

S(d 0t,, mm); 7) Vr; 6) AgMTU; 9) i~;*c TJ

TABLE 2

Mechanical Properties of Medium Otrength Titanium Shaplng Alloys at
Various Temperatures

*For 0T4-2 at 500* It cor-•rises 34k/..-n when tested for 2.107 cycle:ý.1)Aly 2 k. --a ) .; -) 'r, (k/- 2) )-4(;-/r ;5 3(a

stock, sta-pla s ); 6) cr" (sheets); 7) VT6 (bar steck, forglnF7, stamp-

inrs); 5) Wt (sheets); 9) V16S (&heets); 1D) OT--2 (tar stock, stanp-
ings, forgings); 11) 0-1-2 (.-heets).

TABLE 3

Creep Resistance (,-n the Pazis of Residual reformation
of 0.2%) and Creep ctr-nsýth of .!elur Stren• •h 7itari-
um Shaping Alleys

1,, .. . . . • " i , l " - : - • - : .. . .

6 77

1) Alloy; Z) (W-=~ 2 3) VT3 (bar stock, staxpin,ýs. strips), 4) V`T4
(zheetsl); •V)Vr (tar stock, forgir.gz, stanpings); 6) V'6 (zheetz); 7)
VT6S (0heets); 8) OT-2 (eheetc-, tar stock, forgings. rtaapings-).
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concentrat-In fa- tor (rae c c) -,e 'In lyn%: ani
static moduli of elasticity IZ zhcw in the fipure. The PFoznon ratio

C a4ftet!

The moduli of elasticity of medium strength titanium shaping alloys as
a functicn of the test temperature, 1) Kg/mm2 ; 2) d.

for medium strength titanium shaping alloys comprises 0. 32-0.34., The
change in the ultimate strength of the alloys under momentary loads isi presented in Table 4. Physical properties of medium-strength titanium

shaping alloys. Specific gravity 4.46 (VT3), 4.43 (VT6), 4.60 (VT4),

4.45 (VT6S), 4.46 (OT4-2). X for the VT6 alloy: 0.018(25*); 0.020(100*);

o0.023 (2000); C.027 (300"); 0.030 (400); 0.033 (5000); o.037(6o00);

o.o40 (7000); 0.044(8000) cal/cm'sec'°C; the thermal conductivity of

the remaining medium strength titani=u shaping alloys is close to the

thermal conductivity of the VT6 alloy. .10 for the VT6 alloy: 8.9

(20-100°); 9.6 (100-200°); 10.2 (200-300°); 10.8 (300-400); 11.3 (400-

5000); 12.7 (500-6000); 13.3 (600-700°) °C'I; the linear expansion co-

efficient of other titanium alloys of this group is close to that of

the VT6 alloy; c for th VT3 alloy: 0.1ii (02:•j; C.12 (200"); 0.13

(3000); 0.15 (4000); 0.16 (5000); 0.147 (6000); 0.19 (700*) cal/g-0 C;

the specific heat of the OTh-2 alloy is close to that of the VT3 alloy.

c for the VT6 alloy: 0.13 (1000); 0.14 (200o); 0.16 (300"); 0.17 (4000);

0.19 (5000); 0.21 (600*) cal/g.°C; the specific heat of the VT4 and

VT6S alloys is close to that of the VT6 alloy. p at 20° for the VT3 al-

10y is 1.58 ohm'mm 2/m, for the VT6 alloy it is 1.60, for the VT6S al-
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C.2,, +20); J.22 (z A); T.2• (.oo'); 0.25 (o.4°); 0.30 (6+Q+); 0.45

(700'); 0.53 (800'); 0.59 (900°),

TABLE 4

Change in the Ultimate
Strength of Medium
Strength Titanium Shaping
Alloys under a Load

flMsP*I3' 4fi~1ns Ihdrl'73-
Cn. Tea n-paI-• Io11(•,

1 2 Of P 4

541

S)TIAC NO .1%

OTt I 7'JO 3 22

p+ I • I S

BO O to A

1) ýlloy- 2) temperature (-C); 3) time held under load (secs); 4) (kg/
/fim•: 51 VT4, 6 vT6S.

Medium strength titanium shaping alloys have a high corrosion re-

sistance in the majority of aggressive media (see Titanium).

The VT3, VT4, VT6S and VT6 alloys have a good plasticity in the

hot state, while the plasticity of the OT4_-2 alloy is satisfactory.

For the processes of producing forgings, stampings, bar stock and

other semifinished products from medium strength titanium shaping al-

loys see Heat resistant titanI=m shaping alloys. The temperature rano+.R

for hot shaping of these alloys are: 1050-85O0 for VT3, 1100-8500 for

VT4, VT6, cznd Vr6S, and 1150-9000 for oT4-2.

Machining (turning, milling, drilling, etc.) of the VT3, VT6, vT4,

VT6S and 0T4-2 alloys is similar as that for stainless steels. The VT4,

VT6S and OT4_-2 alloys are satisfactorily welded by argon-shielded arc

and resistance welding, as well as by molten slag arcless electric weld-

ing and by submerged arc welding. A filler from the VTI-I alloy isi !. 2578
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at t~2 t,

Heiat treatment (anne:allnr.) of m,,•ii-u, ztrength titanium ..hapirn.

alloys is performed in urder to increase the metalIs plasticity after

shaping and to improve thz there,,m-1 ztatility, i.e., the capacity of an

alloy to retain i s mechanical properties after a prolonged effect of

operating stresses and temperatures. The VT3, VT6 and V-6S alloys can

be subjected to hardening heat treatment which consists of quench hard-

ening and auirn, however, it has not as yet ccme into exten:i',e indus-

trial use. For the heat treatment regimes for medium strength titanium

shaping alloys see Heat treatment of titanium alloys.

The VT3 alloy is recommended for components and products operating

at up to 3500, the VT6 and VT6S alloys are recommended up to 400°,

while the VT4 and 0T4-2 alloys can be used up to 450%. The VT3 and VT6

alloys ere usea for engine compressor blades and for other components,

thc CT4-2, VT4 and VT6S alloys are used for comncnentz and p a•,:r le-

ments of designs made by welding.

References: see at end of the article Titanium alloys.

S.G. Glazunov, V.N. Moiseyev and Yu.S. Danilov

Manu-
script [Transliterated Symbols]
Page
No.

2576 TY TU = tekhnicheskiye usloviya = technical specifications

2576 OTn = otp = otpechatka = impression

* 2576 cp sr =srez - shear

-2577 i= d = dinamicheskiy = dynamic
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MEDIUM-STREGTH WROUGHT MAGNESIUM ALLOYS are magnesium alloys with

ultimate strength of 23-26 kg/mmn2 . This group includes the low-alloy

alloys of the Mg-Mn system: MA8 with small cerium addition, MA9 with

small additions of aluminu-i and calcium, and the medium-alloy MA2 alloy

of the Mg - Al - Zn - Mn system (for chemical composition see Magnesium

Alloys).

'ýj Along with relatively high mechanical properties, these alloys

have good processing plasticity which permits rolling sheet from them

and production of all the. other forms of wrought mill products. The MA8

alloy is used primarily for sheet, and the MA2 alloy is used primarily

for stampings of complex shape. The MA9 alloy can be used for the pro-

duction of sheet and extreded mill products. The mechanical properties

of the medium-strength wrought magnesium alloys are presented in Tables

1-6.

TABLE 1

Typical Mechanical Properties of Mill Products Made From the Medium-
Strength Wrought Magnesium Alloys at 200

PUAS ?CU1 ,,Hw noy° -COTR.' a- :
o1103ay I I

is nPS A p r, .3 Ip• , - t0 27 to

)1AS17lIt, uý-%w l fl4 W.L ia rawlt- :627 15

... ."J1 14 3aH 1

.1CN(.T IKi ToxieNW 21 5 25

I. -1--Nrw (.ne- 67 .w .•6 25 is

*I I(8.10m 13 1 'me 20 12 It
ulln]ciw (none- iloayarasmo- 19 2•7 15

MAO Pew XIO.OKHA) 14 ila0i1le

I; 'jwCTW (P•rf'b 13 To we 21 29 111

sn yr YTN 1'op~qenpfftn•- 13 26

MA9 S Pl-'r'u r1pftenpf ~o- 24 12 to"6 MNNW@4

.1) Alloy; 2) from of mill product; 3) material condition; I) ('kg/mm2 );

,;' "i ,2580 -
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)~~~ rri, ~.¶~ ; ;7) f &ni stampin,7; 8 aftcr apn;
:;e;") armale I. 11) th'•" ('iro-.z te fiber ; 12) s heet (a1on,,-

the fiv,-c); 13) 1-e l) half - tral n-har!,.,ned.

The mini7,al mechanical properties guaranteed by the specifications

are lower than the typical properties by 7-10% for the ultinate, by 10-

15% for the yield and by 1.5-2 times for the elongation.

At 200 for the MA2 alloy (hot extruded rod): s = 4300 kg/z2, 2, =

= 0.34 (for forgings and stampings as well), c pts = 8 kg/r.-i2 , S 38

kg/mm2 , 30%; for the ,MAS alloy (annealed sheet); E = 4100 kg/mm2 ,

2= 0.34, S. = 30 kg/m,2 , = 28%; for the MA9 alloy (annealec' sheet):

kgm2  ps 1kgm 2

E = 4200 kg/onn, a pts = 10 kg/r, and @ 11% (hot-extruded rods).

The mechanical properties of the wrought mill products made from

the med!-.-strength wrought magnesium alloys depend on the direction of

deformation. For example, in the IMA2 and MAS alloy sheet, depending on

the direction of rolling, the ultimate strength may vary by 1-2 kg/mm2

(3-5%), the yield point by 2-3 kg/,-m 2 (10-20%) and the relative elong-

ation by a factor of 1.5-2 times. The relationship of the mechanical

properties depends on the rolling scheme. With rolling in one direction

the highest prcoerties will be in the cross direction of the sheet,

while with rolling in different directions (turning of the sheet) the

higher properties will be in the direction perpendicular to the rolling

direction with the higher reduction.

The medium-strength wrought magnesium alloys are not notch sensi-

tive in axial tension (oC/ob = 1, while with oblique tension their notch

sensitivity is about the same as for the medium-strength aluminum alloys.

Thus, for example, notched specimens from the MA2 alloy in tension tests

i with obliquity of 40 show a loss of ultimate of 10-15%, while with an

obliquity of 80 the loss is 30-40%.
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"T.., ... The creep limits of extruded

Mediu m-S'.ren:th Wroui ,f rods for permanent deformation of

Magnesium AIloys for Dif- 0.2% for the medium-strength wrou~ht
ferent Forms of Testing at
200 * magnesium alloys are the following:

,.atw. for the MA2 alloy at 100* C0.2/200

7 • " 7 = •-" 6.7 k•g/r• at 1500 002/2oo 1.2
2S','•Z.... I÷ ." kg/mm2; for the MA9 alloy at 2000

_A,________- __,__ O./10 = 2. 5 kg/mm2 , at 2500 O2flA• u1, • - -- ____, _

*Rods and strips in /100 = 1.3 kg/mm2

the hot-pressed ccn- Physical properties of the med-
dition

1) Alloy; 2) form of mill iume strength wrought magnesium al-
product; 3) compression; 4)poroduc; .3) compression;g-)loys. Alloy MA2: Y = 1.78; a = 26.
tor~ion; 5) shear; 6) 'kg-m6
/cml;7) on the basis of .10- ( - 1000) 27.8.106
5. 10(�ycles (kg/ zm); 8) (100
(kg/mmin); 9) rods; 10) strips. -- 200-), 29.5-10-6 (200 - 3000) l/0C;

X = 0.23 (200), 0.25 (2000), 0.26

TABLE 3 (3000) cal/cm-sec-*C; p = 0.10 (200)

Mechanicd MA8 Propertieys at Lowf ohm-mm 2/m; c = 0.27 (1000), 0.28

Temperatures (2000), 0.29 (3000) cal/g-0 C; latent

XA2" fnpy?vtw i..- 3 MAR-' (.wnt
COW. a•x") TrC'1UH,,.%A heat of fusion is about 70 cal/g.

c. n; ONATNH'flPOICSKO Alloy 14A8: 7y = 1.78; a = 23.7. 10-

.: - (20 - 1006), 26.1.10-6 (100 - 2000),

3216
32.10- (200 - 3000) 1/*C; X = 0.32

-40130 ol7 20 431 00.97 3323 1 9 3
70-31 f 3S IS j , j 0 .7 3 9) (2000) cal/cm-sec-°C; p = 0.051 (200)

1) Temperature; 2) MA2 (80- ohm-mm/Im. Alloy MA9: y = 1.77; a'=
mm-diam rods); 3) MA8-M (1. 25.5.10-6
2-mm-thick sheet); 4) along (20- 1000), 28.7.!°6
direction of rolling; 5) ac- (10- 2000), 32.3.106 (200- 3000)
ross dire ,tion of rollin(;
6) (kg/mm'); 7) (kg-m/cm ). 1/*C; X = 0.35 (20*), 0.33 (2000),

0.32 (3000) cal/cm-sec-°C.
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o.echanical Propu:tlels of
Rods EBtruled from the Med- 1Ui alloys have satisfactory gencral crt-
ium-Strength Magnesium Al- rosicr rezistanct. Wtn and ulloy:
loys at Elevated Tcmperat-
ur'es

are not subject to stress corrosicn,
MA2 MA8 M'A

while the M'A2 allcv has a slight tendon-

S 9-cy to stress corronlon cracking which do-

"I - -z I es not limit its use. Protection from

,00 1,100 0,3•1., 1 512• 5 _120 61_ corrosion is provided by inorganic films5- 1 3 3-) ~ t 0 .4 4 1 P . $ 3 3 _ _ _

1ý0 I 8 '11 16 3 7
:.j 2- - i and paint coatings (see Protection of

g m Alloys, Corrosion of Va:nesium
1) Temperature; 2) kg/mm2). SAlloys).

The medium-strength wrought magnes-

TABLE 5 ium alloys are not strengthened by heat
Mechanical Properties at
Elevated Tez.peratures of treatment. Extruded mill products and
Sheet Made From the Medium
-Strength Magnesium Alloys, staipings are delivered wthout 4nneal-
Annealed at 2500 for 30 Min- ing while sheet made from the MA3 alloy
utes

is delivered annealed at 350 1 100 for
its 3 30 minutes in the MA8-M designation or

_ 3 I
4I - :• @ half-strain-hardened in the MA8-H temper.

' .-.. In the latter case the sheets are sub-
t~ 2 1 : 2. 1 '520n ,7 34 , 8 jected to annealing at a temperature of

!So 12 a 36 3 5 II

240 -! i0* for 30 minutes and partially

1)Temperature; 2) across retain the strengthening obtained as a
rolling direction; 3) along
roling direction; 4 (kg/ result of rolling (Table 7).
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TA BLEE6,

Stress-Repture Limits (100 hours) for MA8 and MA9 Alloys

i)Aly;2 om. of mll.y T prouct 3)aera coniton fl )~ (k/~2
t A4 

4 
ere 7s, o-: 5)i 6 6h er d 7)l.5I ~WRC 30 wq

MA ly~t025 ýa6 I'opmitrIOCC-Da.OU I 9

1) Alloy; 2) form ofmill prdct3) material condition; 4) (kg/=i
Jat tempera-ures of: 5) 25-mm-ia rod. 6hoexrd;7)15-mnm--thick sheet (across rolling direction); ) annealed at 350 for 30minnut es.

TABLL 7  The processing plasticity of the

Working Re~imes for the alloys in the pressure working tempera-
Me d 4.u w-- S rengt h Wrought
Magnesium Alloys ture range is high, at room temperature

I1 Toun-ps (10 3 P@-wxm t,Y*mrn
~ £i~•� it is low. Rolling of sheet and sheet

. . " ... stamping are performed in the hot condi
,If A ,7-2o 2o-4o I 350-4,o 3-s
A& .. 5.50- 3o0-4jo 0,5--2

MA, 080-750 250-00 tion. With certain limitations the MA2

alloy can be freely hammer forged and
i1 Alloy; 2) temperature .
33 annealing condition; 4) stamped. Sheets made from the MA8 alloy
ingot casting; 5) pre;;sure
working; 6) duration (hours). are amenable to the various stamping op.

erations. The medium-strength wrought

magnesium alloys can be satisfactorily argon-arc and electric-resistanc

welded. In comparison witzi the alloys MA2 and MA8, the MA9 alloy has

less satisfactory weldability because of the presence of calcium in iti

composition. The medlum-strength wrought magnesium alloys machine well.

The minimal bend radii of sheet made from the MA8 alloy as a fun,:-

tion of temperature with degree of bend 120* are: at 200 (4- 5) S, at

100 (3•.5 - 4) S, at 200 .(2 - 2.5) S, and at 3000 (1 - 2) S (S is the

material thickness). The limiting draw coefficient of annealed sheet

made form the MA 8 alloy is: first draw 3.2-3.4, second draw 2.2-2.4.

For the h i2-strain-hardened sheets the first draw coefficient is 2.6-
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-2.8 and the second draw coefficient is 2.3-2.5. The specific squeezir

force with drawing under conditions of optimal temperature is from 3.•

to 5.5 kg/cm2. The limiting flanging coefficient for sheets of thickne

from 1 to 3 mm is from 2.5 to 2.94 respectively.

The MA2 alloy is used for medium loaded details of ccmplex form

fabricated by forging and stamping; sheet made from the MAS alloy is

used for instrument cases, gasoline and oil tank trucks, diaphra,7-s an

reservoirs; stampings, profiles and tubing are used for details of fit.

tings for gasoline and oil lines. The MA9 alloy is intended for the

same purposes. Details made from the MA2 alloy can operate at temppr-

atures up to 1500, those made from the MA8 and MA9 alloys can operate

to 200-2500.

References: see article Wrought Magnesium Alloys.

A.A. Kazako%

~,258
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MEAMINE MOLDING MATERIALS are molding compositions based on purf

or modified melamine-formaldehyde resin and organic (cellulose sulfite

cotton cellulose (linter)) or mineral (asbestos of various grades witt

addition of mica, quartz flour, talc, etc.) fillers. A combination of

both fillers is possible. Melamine molding materials of various grades

are produced for the manufacture of products for engineering and house

hold applicatinns.

Melalita (K-79-79) is a molding material based on melamine-formal

ehyde resin with cellulose sulfite with additions of titanium dioxide,

zinc stearate and dyes. Melalite is a fine powder which is formed intc

products by compression molding at 155 ± 50, with a specific pressure

of 105-420 kg/cm2 for a time of no less than 1 minute per 1 mm thick-

ness. Tableting and high-frequency heating prior to molding are'recom-

mended. Products made from melalite may be operated in the temperature

range from -300 to +100%, they are resistant to detergents, hot water,

weak acids. They withstand long-term operation. Melalite is usfed in

products for the food industry, for electrical apparatus chassis (tele

phones, sockets), for consumer goods.

Melavoloknite is a molding material based on modified melamine-fo

aldehyde resin and linter with the additions of calcium.stearate, lVth

opone and a dye. It is prepared by mixing the compounds in a blade mix

er with subsequent drying. The external appearance of the finished mas

is that of stiff tangled fibers. It is transformed into products by

compression molding at 155 - 5, with a specific pressure of 300-600
2kg/cm with time in the press of 1 minute/mm. Tableting is not recom-
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mended for the processing, high frequency heating is rto=mended. Mel-

avolokrnite resists the action of weak acid solutions, boiling water,

live steam. It is used for the production of item: 'or engineering use

cpcratlng in bending, torsion, tension, compression under conditions of

temperatures ot 110-130* and high humidity. In particular, melavolok-

nite is used In the textile industry for the production of reels for

winding and steaming of Kapron, silk and other high quality fiber mat-

erials using live steam.

Arc Resistant Melamine Formaldehyde Molding Materials (MFK-20, K-i -78-51, VEI-ll, VEI-12) are produced on the basis of modified melamine-

formaldehyde resins and a mineral filler - fibrous asbestos with addi-

tions of talc, linter, lubricating substances (oleic acid) and a dye.

In the production process there is one additional stage (in comparison

with melalite and melavoloknite) - mixing on rollers after leaving the

mixer. The finished material has the appearance of small scales. Table-

ting and preheating are not used. The MFK-20, VEI-12, K-78-51 melamine

molding materials are transformed into products by hot molding at 130-

1800, with a specific pressure of 250-600 kg/cm 2, time in the press is

1-10 minutes/mm. Items made from VEI-11 are formed by cold molding at

20 ± 100, specific pressure 600-1200 kg/cm2 , time in press 2-3 minutes,

after which solidification of the molded items preceeds using the fol-

lowing regime: four hours at 65 - 750 - 4 heat at 140 ± 5* for two

hours and hold at this temperature for 4-5 hours. The molding material

is used for the fabrication of arc extinguisher chambers (MFK-20), min-

ing equipment and other items for engineering use which have high re-

quirements with respect to mechanical and dielectric properties. The

characteristics of the melamine molding compositions are given in the

table.

V.N. Gorbunov, V.Z. Mayevskaya
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Characteristics of' Melamiine Molding Materials

D~wasw~auMeaa 1 ~ NOR.20. "411 41.
Noa~ow~uu, 3N.12

S YR. s........... ..... . . ... . . .14 .s .. 6-9.
0We. melo") . . .. . . . . . .'
1PUpiAc OP'qwOcM (MGXA*):

aolo I . . . . .~' . 27006-7000 7000-7800040- 50
Dpwu~J~~ ~hta') .09-00 300-440

13 renA*CVV#WOM so NOPW.Cl VW 130-1$0 f40-160 He "eee I So

IS ~t~opeo,.~m w~e~e~a~.~ 0,33-0.30 0,23-0.30-
I., Unaow ..aoww I al.M)" 0.10-0..O 0 *.10'-0.54

it.a .OWNWI* oIamrO"eau (om-en, 11 01
so arwtm ). a.owT . wan . . . .- IS 12-IS 2-12

eCoasepumune ae~: ()... 2 8-01.7-2.0 1. -4. 0
ss Tturwfm no Psouriiua 66. Q400 60-Il. 4o-as,

1) Characteristics; 2) melalite; 3) melavoloknite; 4) MF-20, X-78-51,
VEI-11 VEI-12; 5) specif'ic weight; 6) specific impact strength (kg-

t cm/cmý no less than); 7) Ultimate strength (kgcm ý); 8) in compres-
Jsion;5 in tension; 10) In bending lj) elastic modul'us in tension

(kg/ml i 12) brinnell hardness (k~.m~;13) martens thermal stability
(C.1 nro less than; 15) heat content (kcal/kg-deg); 16) thermal

conductivity (kcal/hr-m-deg); 17) water absorption (g/dm2); 18) volu-
mietric~resistivity (ohm-cm, no less than); 19) electrical strength
(ky/mm ); 20) volatile content (%;21) raschig viscosity (mm).
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MELCHIOR are binary and more complex nickel alloys containing 18.

30% Cu. Two grades of melchior are produced in accordance with GOST

492-12: MiNZhMts 30-.81 .0 (29.0 - 30.0% Ni, 0.6 - 1.0% Fe, 0.8 - 1.3%

Mn, remainder copper), and MN19 (18.0 -'20.0% NI, remainder copper).

The structure of the melchior-type alloys is a solid solution, there-

fore, they are easily worked in the cold and hot conditions. Melchior

is marked by high corrosion resistance in fresh and sea water, dry

gases, and alsc in atmospheric conditions. The corrosion resistance an

the strength both increase with increase of the nickel content. Melchi

of the MNZhMts 30-0.8-1.0 grade is very stable in a steam condensate

medium and surpasses all known alloys in reslstance to the action of

impact (turbulent) corrosion, therefore, it is used for condenser tubei

of marine vessels operating in particularly severe conditions. The mel.

chiors are stable in alkaline solutions of salts and organic compounds.

Me]chior of the MN19 type is used for production of coins, precision

mechanical parts, medical tools, sieves, tableware and other products.

Melchior of the MNZhMts 30-0.8-1.0 type is used for tubing (GOST 10092-

-62), MNI9 is used to produce banI (GOST 5063-49) and strip (GOST 5187-

-49 and GOST IO18-54).

Table I presents the physical, mechanical and technological pro-

partics of melchior, and Table 2 presents the mechanical properties of

mill products made from melchior.
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tXBLE 1
Physical, Mechanical and Technological Properties of Melchiro

PO DA. z 1S & -I I Ie ! , .

h 5 5i

stunt# *.S It 0.287 0 0 83 It000 *6 39 II0 too So o0-

04k-.0 t. o 16 0.42 0.001 01001 45I00 40 II 210 o 50-- o50-" 160 flIe

r) Alloy; 2 0 ( 3) p ((ohm-mm /m); 4) temperature coefficient of
resistance at 20 5) c (cal/cm-sec- C) 6) (kJ/m ); 7) temperature
(;C); 8) soft condition; 9) melting; i0 hot working; 11) annealing;
1 MN19; 13) MNZhMts.

TABLE 2

Mechanical Properties of Mel-
chior Mill Products

4 I rOI

2 ; rOCT.

Cn" ox6- 3u

O n roOCT 30--28 ro.
jetpyw t2o. rocT

AfoUCPNM 100* 2-
nrOne CT 62 30-2 23"""mum P~ift 5 0

1) Alloy; 2) mill product; 3) GOST, specifications; 4) o( (kg/mm2 ); 5)
MNl9; 6) bands; 7).GOST ; 8) hard; 9) soft; 10) strips; l) MNZhMts ;
12) condenser tubes; 13) half-hard.

Reference: Smiryagin A.P., Promyshlennyye tsvetnyye metally i

splavy (Industrial Nonferrous Metals and Alloys), 2nd edition, M., 1956.

Ye. S. Shpichinetskiy
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A MERINOVA -see Albumin Fiber.
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MESNAGER SPECIMEN is a specimen used for impact strength testing

of materials, having a square section (10 x I0 mm2 ) with a notch on on

side (specimen shape in accordance with GOST 9454-60). Specimens of

smaller section may be used for compazative tezts: 10 x 5 mm2 and 5 x

MM Impact strength is determined abroad using Charpy specimens, dif-

fering from the Mesnager specimen in section and sharpness of the note

iei

1) Mesnager Specimen

N.V. Kadobnovi

2592



i-Olv

M-lALALGI:NATE FIBER- see Alginate Fiber.
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METAL- CERA=MIC MATERIALS (cerm ets) -is a class of sintered ma-

terials which are a homogeneous composition of metal and ceramic. The

idea of fastening one material by combining it with another is realizec

in cermets in the same way as in reinforced concrete. A high chemical

and thermomechanical stability is the characteristic feature of cermets

High-refractory oxides and compowuds (carbides, borides, nitrides, sil-

icides, etc.) being components of the cermet, impart to it a high in-

oxidability and strength at high temperatures, and the metals - a high

heat endurance. The type of the interaction between the components of

the cermet, depending for its part on the structure of the oxide films

formed on the surfaces of the grains of the metal or the high-melting

alloys, is one of the basic factors which determine the properties of

the cermet. A solid solution is formed if the oxide films are isomor-

phous with the oxide, otherwise, this joint is a pure mechanical one

and of less strength. Cermets are used in jetpropulsion engineering,

in abrasion-resistant struztural parts and in other fields where a com-

bination of a high refractoriness with a high strength is required.

Cermets on basis of metals of the iron group (Fe, Co, Ni, Cr, etc.)

and oxides (A12 03 , ZrO2 , BeO, etc.) are the most widespread.

I4 types of metal-ceramics compositions are possible: 1) A1 2 03 -Cr;

2) AI 2 03 -Fe; 3) graphite-Cu; and 4) compositions with addition of a

third component which serves as a binder.

.The most stable compositions are obtained using metals whose oxides

are related (with regard to the form and the lattice constants) with

the oxides of the ceramic component, forming with the latter continuous
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series of solid nolutiono. A12 03 -Cr; M.,O-Nt; A12 03 -Ti, etc., are exam-

pies of such compcsitions. Apart from thiL, the coefficients of the

thermal expansion of the components have a great influence on the forma-

tion of a strong joint between the compon2nts; their values must be

similar together. Special high-tcmpe-ature furnaces with a controlled

gas atmosphere are necessar-j for the proluction c-' cermets. A reducing

atmosphere is obtained in them by means of hydrogF. n, a neutral one by

means of argon, nitrojun, or helium. Data, c0aracte.izing the thermo-

mechanical properties of cermets composed from 50% 1,:, 30% TiN, and

20% Ni are quoted in Table 1.

TABLE 1
Thermomechanical Proper-
ties of Cermets

3| 2 ,.1.'i, r'h"1• jj,qp.¶l3 ' fIV 7,'.l- 11p*'.I.T'J

0 In i nwT :M~i. lt 711 Ill,m

5 Il l r' III 117 t0

a eIf --1~~ rbo Nrii,,

1 )in) Tm r u 4iin.
11) a 11200- fr 10in1310 -- 4 2"

co . tT in a cpurre . • • com-AT. Ih -,') ;i ittit.'t'tR "" 2017,4
45 II BIZMuK.1tt3 ! S..........IIO

i) Temperature ( 0 C); 2) nu'm-
ber e"' thermal-shock cycles
(hea._..ng at 11200 for 10 min;
cooling in a current of comn-

pressed air for 5 min); 3)
ultimate bending strength
(kg/cm ); 4) before the test;
5) after ... cycles.

The increased strength of ceinets after heating is due to the dis-

appearance of surface defects. The properties of cermets composed from

30% Cr and 70% A12 03 , and from 80% VIC and 20% Cr are quoted in Table

2.

Cermets with the composition 30% Cr and 70% A1 2 0 3 are excellently

resistant to oxidation up to 15200 and well resistant to thermal shocks;
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U cermets with the composition 70% Cr and 30% A120 3 have a tensile

strength of 1225 at 9800; 490 at 12000, and 210 kg/c2 at 1315'; CE

with the composition of 72% Cr and 28% Al120., stand 54L0-620 cycles c

the thermal shock test at 10000; cermets of the coLston 85% chi

unboride and 15% nic&el prove a high mechanical strength within

TABLE 2
Properties of Cermets Formed
on Basis of Single Metals
and Compounds

comi-s,

16MOI7A I 7pA1S 1

7Iup" 20*. .. .. .. ......- 4.02-10'
7nPN 40 . .. .. ........ 23 IV -

213- N1wra bC Tin P"'Hbr.1.11
* (t"iaJ' A) - --.--

UUPEWU I NW1-1'M.1

(KX, A ~.%at C) nPo 20' 25(t.21( 0%) $7.7

wi 0* t . .0o . . . . - 31. iV

ApI 4.........23 106

7 up" 20*1,30

7 lip*f 40* 390')
7 P to,* lt .. ......... 2300
*7 TIPi 13*0'. .. .......1730 -

POel"WWC.4H (X& CA.'):
U ip" 41)' . .-

7 lips 1N B . ......
7 lip" i t 110....... .1R' -O

I fpv 1340'-

1) Characteristics; 2) composition; 3) and; 14) specific gravity; 5)
weight by volume (g/cm3); 6) modulus of elasticity (kg/cm2); 7) at;
Rockwell hardness (scale A); 9) coefficient of linear expansion in t
temperature range; 10) heat conductivity (kcal/mo hr.*C) at 20*; 11)
specific electric resistance at 200 (ohm'cm); 12) ultimate compressi
strength (kg./cm 2); 13) ultimate bending strength (kg/cm ý); 14) ultim
tensile strength (kg/cm2 ).

a wide temperature interval (to 1000*). The strength of cermets, does

not depend on the strength of their components. The ultimate bending

strength of a cermet, for example, with the composition TIC and Me a;

9820 surpasses significantly the bending strength of its components:

210kg/cm for 80% TiC and 20% Co; 4220 for 90% TiC and 10% Fe; 507'

* ~ . .2596
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for 90% TIC and 10% NIAl.

The chemical stability of cermets depends on the chemical stab

ty of their components and on the nature of the ox±itized layer. A 1.

or boron-silicate glass formed on the surface of a cermat with the

position TiC, TiB 2, and S'O2 1 for example, inhib-.ts its oxidation.

Vitreous films appearing on cermets protect them reliably to oxidatJ

R~eferences: Tekhnika vysokikh temperatur ( Highi-Tem~pe rature En-

eineerirng], edited by I.E. Cwýu-pbell,, translated from English,, Moscov

1959; Kiefer R. and Schwarzkopf P., Tverdyye splavy [Hard Alloys),

[translated from German),, Moscow, 1957.

N. M. Pavlush
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XMM&LIC FIBER - see Fibrous Metal Ceramnics.
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METALLIC POWDERS are metallic and alloy powders consisting of in-

dividual isolated particles, usually of a comples polycrystalline stru-

cture. The metallic powders differ in chemical composition and physical

characteristics, in state of the particles as a result of preparatory

treatment, and in the condition of their surface. The combination of

chemical composition and physical characteristics determines the tech-

nological properties of the metallic powders, on which, in turn, depends

the field of their applicatinn.

The chemical composition of the metallic powders ciffers somewhat

from the composition of the cast metal. The impurity content in the pow-

ders (for example, carbon, sulfur, phosphorus) may be reduced to extre-

mely small values, on the other hand they contain a large amount of ox-

ygen in the form of oxide films on the particle surfaces. For the met-

als whose oxides are reduced by hydrogen, t&- oxygen content in the

powder may be decreased by a preliminary reducing annealing in hydrogen.

Certain methods of metallic powder production (for example, carbonyl,

electrolytic) ensure thorought refining of the majority of the usual

impurities (for example, copper, manganese and silicon) from the metal.

The form of the metallic powder particles is determined by the method

of production. We differentiate powders with spherical, dendritic, flaky

and irregular (fragmentary) particle form. The dendritic powders press

well, the spherical press less well. The flaky powders are most often

used as pigments (aluminum and bornze powders). The particle sizes of

the metallic powders may vary over quite wide limits depending on the

method of production. For electronic purposes, use is made of iron car-
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bonyl powder with particle size of 1-.0 microns, for production of mac-

hine parts use is made of reduced iron powder with particle dimensions

of 50-200 microns. As a rule, the metallic powders are a mixture of

particles of differing dimensions; the weight relationships of the fra-

ctions of different dimensions is termed the granulometric composition

of the powder, which is usually determined by sieve analysis, and for

the very fine powders (with particle size of less than 40 microns) by

microscopic analysis.

The shrinkage of products during sintering depends basically on

the coarseness of the metallic powders. Highly dispersed powders with

particle size of less than 5 microns give linear shrinkage to 20%,

which permits obtaining sintered metal with a relative density to 99%.

Coarse grained (with particle size 150-200 microns) metallic powders do

- not result in shrinkage during sintering and may even lead to increase

of the volume of the sintered products. By combining powders of differ-

ing granulometric composition we obtain a charge which provides a spec-

ified shrinkage on sintering.

With preparation of the powder by the mechanical grinding method

(for example, by grinding sponge), work hardening of the particles

takes place, which degrades the pressability of the metallic powder and

causes warping of the parts and crack formation during sintering; an-

nealing to relieve strain hardening is required to improve the press-

ability. The condition of the particle surface (rough, smooth, oxidized)

first of all affects the viscosity of the powder, and also affects its

pressability. The bulk weight (volumetric weight with free pouring of

the powder) is a most important characteristic of the metallic powders,

depending on the chemical and granulometric composition of the powder,

the form and condition of the particles. For example, iron powders have

a bulk weight from 0.5 to 4.5 grams depending on the method of product-

4 2600



II-72• 2

ion. The constancy of th4 value-of the bulk weight is of great import-

ance in automatic compacting with volumetric dosage of the powder. When

pressing to a given volume (ta a stop), the magnitude of the buld weight

of the powder is directly related with the density of the product being

pressed.

The powder flowability, expressed in &/sec or sec/lO0 g (time re-

quired for pouring a standard powder charge through a composite opening) I

depends on the nature of the metal (in particular, on its specific

weight), the granulometric composition, the form and surface condition

of the particles. The dendritic and very fine powders have poor flow-

ability, are prone to caking and "hang-up". The flowability of the met-

allic powders determines the productivity of automatic compaction.

The compactability of the metallic powders is determined by the

relative density of a briquet of definite shape and dimensions, compac-

ted with a specified unit pressure or iwth that minimal unit pressure

for which the briquet takes on sharp edges, without epalls and pitting.

The description of the methods of preparation of the metallic powders

presently used in industry is shown in Table 1.

Iron powder is produced in accordance with GOST 9849-61 (see Table

2). The GOST provides for five groups of powders depending on the chem-

ical composition (PZhl, PZh2, PZh3, PZh4, PZh5), four groups depending

on the granulometric composition (K - coarse, S - medium, M - fine, OM

- very fine); for the powder of group M there are established three

subgroups with respect to bulk weight (the designation PZh1M2 indicates

that the given powder belongs to the lst group with regard to chemical

composition and is fine, belongs to the 2nd group with regard to bulk

weight; PZh3K is a powder of the 3rd group with regard to chemical com-

position and is coarse).
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TABLE 1

Description of Basic Methods of Production ofMetallic Powders
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1) Name of method; 2) essence of method; 3) applicable for following
metals; 4) nature of resulting powder; 5) powder usage; 6) gas or hy-
drogen reduction; 7) ore concentrate, chemically pure oxide or tech-
nical scale are subjected to the act&3n of a reducing agent (hiydrogen,
dissociated anmmonia., enerator gas, natural gas,, lampblack, charcoal,
etc.) at 700-10000; 8)iron, nickel, cobalt, molybednm tungsten and
other; 9) powder has fragmentary grain form, retains~ imurities present
in the raw material; 10) machine dest~n products ha d alloys, refrac-
tory metal products; 11) reduction by metals; 121 rai materials are ox-
ides or aklts (fluorides or chorides), the reducing ~ient Is sodium or
calcium hydgide; 13) niobium,, titanium, tantalum, ce tain alloys, etc.;
14) same; 15) special alloys., products made from tit -nium, niobium, etc.

1)electrolysis; 17) powder is obtained In the form of a deposit on a
cathode from an aqueous solutinn of a salt or a molt~ln salt by means of
passage of direct current through the electrolyte; 1.8) iron, silver,
nickel, cobalt , tin, tantalum, niobium, copper, titanium; 19) partic-
les have dendritic form and high degree of purity; 20) details for cri-
tical applications, electrical products, magnets; 21))mechanical pulver-
ization; 22) pulverization of chips or wire in vortex, ball, vibratory
mills or in ore mills; 23) for brittle materials, nonferrous metals in
"Peparation of powders for paints; 24) powders have 'particles of saucer-
like form (vortex grain grinding), flat form (grinding in ore mills),,
or fragmentary form; 251 products for machine and initr~znent construc-

V tion, metal pigments; 26 atomization; 27) molten me~al flowing in a
fine jet through crucible orifices is subjected to the action of a jet
of gas or water under a pressure of 5-7 atmospheres; 28) any metals
and alloys with melting point no higher than 1700*;%29 powders have
particles of spherical form. Chemical composition is ,c lose to that of
the original material; 30) machine construction details; 31) carbonyl;
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32) carbonyls, i.e., chemical compounds of the type Mex(CO) , are suu-Jected to heating to 200-4000 under a pressure of 200- 400 Yatmospheresas a result of which there is dissociation of the carbonyl with depos-ition of the metal in powder form; 33) iron, nickel, cobalt and certainothers; 34) powders have particles of spherical form and high chemicalpurity; 35) magnets and special details.

TABLE 2
Technical Requirements on Irom Cermet Powder (GOST 9849-61)
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a) Chemical Compositon; 1) Group with respeo to chemical composition;2) group with respect to ranulometric compotion; 3) content of ele-
ments (%, no more than). fl residue which is insoulinhdclrcacid (fl; 5) remarks; ol Fe (no less than); 7) all groups; ) same; 9)"1O ec, content of individual elements may be alter-ed, and also the chromium content may be standardized; 10) 2. Powdermoisture content must not exceed 0.2%; b) Granulometric composition; 1)Group with respect to granulometric composition; 2) group with respectto chemical composition- 3 subgroups with respect to bulk weight* 4)sieve number from GOST 53-5; 5) powder residue on (der passing through sieve C%). 7) remarks. 8) coarse K )a gops;

i0) o mre han-iI•-^ _•S!:.' " kg:"-• 8) coarse - K; 91all groups;.10) no more than; 11) no less than; 12) on request of user, powder ofdiffering granulometric compositon and with standardized compactabilitymay be delivered; 13) no less than; 14) remainder; 15) medium - S; 16)fine -M; 17) very fine C M.
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The production of powder steels and refractory alloys based on

nickel has recently been inik'ated in the USSR and abroad. In the USSR

production is under way of the powder stainless steels Khl7N2, Khl8N9T,

Khl8NI5; structural steels ShIGil5, 40Kh, lKhl3; nichrome Kh2ON8O and

others. The chemical composition with respect to the content of the

basic and alloying metals and the permissible impurities are taken in

accordance with standards for casting steels of the corresponding grades;

the granulometric composition and the bulk weight are agreed upon with

the user (see Powder Metallic Materials).

References: Borok B.A., Ol'khov I.I., Poroshkovaya metallurgiya

chernykh i tsvetnykh idetallov (Powder Metallurgy of Ferrous and Nonfer- 1

rous Metals), M., 1948; Bal'shin M.Yu., Poroshkovoye metallovedeniye

(Powder Metal Science), M., 1948; Ayzenkol'b F., Powder Metallurgy,

translated from German, M., 1959; Samsonov G.V., Plotkin S.Ya., Proiz-

vodstvo zheleznogo poroshka (Production of Iron Powder), M., 1957; Por-

oshkovaya metallurgiya (Powder Metallurgy) (Reports of Fourth All-Union

Scientific-Engineeting Conference on Questions of Powder Metallurgy),

Yaroslavl', 1956.

B.A. Borok
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METHYL VINYL PYRIDINE RUBBER- is the product of the poly 4erization

of divinyl and 2-methyl-5-vinyl pyridine in an aqueous emulsion at an

85:15 or 75:25 ratio of the monomers. The rubber is resistant to the ef-

fect of oils, solvents, hydraulic fluld.- of the ester type, acids and

alkalis. It is delivered in USSR in the SK MVP grade, in the U. S. as

Filprene VP or Filprene VP-25. It maintains its elasticity in the tem-

perature range from -550 to 180%. The physicomechanical indices are:

tensile strength 160-200 kg/cm2 ; relative elongation 250-350%. The rela-

tive elongation drops by not more than 25-30% if the rubber is kept some

days izL hot mineral oils esters of dicarboxylic and phosphoric acids at

150-180*; the tensile strength even increases slightly. Methyl vinyl

pyridine rubber surpasses the divinyl nitrile and other oilproof rubbers

with regard to the resistance to hot esters. Besides, methyl vinyl py-

ridine rubber is characterized by a high resistance to the growth of

cracks in alternating bending. T.he insufficient resistance to thermal

aging in air at temperatures higher than 100I is a serious disadvantage

of the methyl vinyl pyridine rubber which limits its field of applica-

tion. The highest resistance to oils and esters, combined with high

oilproofness, is achieved if organic halogen-containing compounds as

methyliodide, benzalchloride, chloranil, etc., are used as vulcanizers,

which are able to form salts of quaternary bases during the process of

vulcanization. They are used in a dosis of one mole per one mole, add-

ing simultaneously sulfur and accelerants. Carbon blacks are used as

fillers. Compounds with good physicomechanical properties are also ob-

tained when kaolin is used as a filler. All kinds of packing and seal-
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"Ing parts, working in oils and hydraulic fluids at both elevated and

"low temperatures (from 150-160* to -50, -600) may be made from methyl

vinyl pyridine rubbers owing to the complex of their valuable technical

properties. Triple copolymers of divinyl, styrene, and methyl vinyl

"pyridine, used as rubber for general purposes, are also produced. The

". . properties of the triple copolymera are similar to those of divinyl

* styrene rubbers, surpassing, however, the latter in regard to the re-

"* sistance to abrasion.

References: Novyye kauchuki. Svoystva i primeneniye (New Rubbers.

Properties and Application], Collection of Translations, Moscow, 1958.

I.V. Borodina
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MICPH OEM,'MSS is the resistance to plastic penetration (usually

into a flat surface) of a hard tip, generally in the form of a diamond

cone or pyramid. Microhardness testing is performed far less frequently

by scratching. The difference between microhardness testing and the con-

ventional measurements of hardness lies in the very small magnitudes of

the penetrating loads (on the order of grams) and the correspondingly

small depth and size of the imprint (imprint diagonal 1of the order of

microns). Microhardness tests are performed either with the aid of

table-top instruments using an arrangement with a vertical portable

microscope with revolver head and direct loading with the aid of weights

(PMT-2 and PI"-3 testers), or in the form of an adaptation to the hurl-

zontal metallurgical microscope with spring loading (Khanerman tester

and others). Microhardness testing has found an important aplication

where other methods cannot be used: 1) determining hardness cf indi-

vidual microstructural components; here microscopic study, permits

evaluating the properties of the microregions since the microhardness

varies with transition from the central zones of the micrograins to the

periphery; 2) determining hardness of thin surface layers; conventional

hardness tests determine the properties of comparatively thick surface

layers (of the order of fractions of a mm), while measurement of the

microhardness permits evaluating, for example, the effect of polishing

work hardening, effect of finish machining, effect of saturation of a

very thin layer by gases. Microhardness testing permits inspection of

very small parts, for exam~ple, the testing and rejection of watch, in-

strument and like parts. Study of the microhardness of the rare and

-?608



11-91KI
noble metals is possible using quantities which are not sufficient for
the preparation of specimens for ccnventlonal hardnoss testing. Brittl
ness of surface layers, coatings (for exarple, chrome plating) and ver
brittle materials may be evaluated on the basis of the number and na-
ture of placement of cracks around the m~crohardness imprint.

References: Khrushchov M.M. and Berkovich Ye.S., Pribory PMT-2 arn
PMT-3 dlya ispytazniya na mikrotverdost' (PMT-.2 and PMT-3 Instruments

for Mitcrohardness Testing), Mo, 1950.

Ya.B. Fridmax
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MICRCHARD-ESS T--T- is the checking of the hardness mainly by

indentation of a hard, usually a diamond tip or indentor at very low

loads (units or hundreds of grams) effecting, therefore, very weak in-

dents on the tested surfac e (with a size from units to hundreds of

microns. The latter fact permits one to evaluate thc ha'dnezs of tie

individual structural components of alloys, minerals, etc., by this

test (in contrast to the usual macroscopic hardness which indicates the

means properties of the grain conglomerate). Microhnrdnevs tests are

applied to both very weak materials (hardness lower than 1 kg/mm2) and

highly hard ones of the diamond type (hardness higher than 10,000 kg/
/rm2) and highly hard ones of the diamond type (hardness higher than

10,000 kg/mm='). Devices (PMT-2 and PMT-3 in USSR), in which the loading

with small weights and the subsequent measuring of the indent are com-

bined in the shall of a vertical microscope, serve for microhardness

tests. The microhardness test has found a wide application: test of

small parts of watches and devices, of foils, of thin wires, thin

electroplatings and other coatings, of oxide films of the surface layers

of decarbonized, carbonized and other steels, and of glasses and ens-

mels which, due to their brittleness, are difficult to test by other

methods, etc.

References: Khrushchov M.'., Berkovich Ye. S., Pribory PMT-2 i

PMT-3 dlya ispytaniya na mikrotverdost' [The Devices PMT-2 and PMT-3

for the Microhardness Test], Moscow, 1950.

Ya.B. Fridman
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MICEOMECHANICAL TESTS are methods of determining the rnechanical

properties of very small specimens (microspecimens) whose gauge length

amounts to several millimeters, and whose laterRI dimension is about 1

mm. (For determination of hardness with low loads, see Microhardness).

The structure, and therp.fore the propmrties as well, of real materialZ

are generally nonuniform as a result uf the difference•Xn the conditior

of crystallization, sintering, pressure working and machining, differer

cooling after tempering or welding of the surface and internal zones

after tempering or welding. Therefore in the bounds of the sections of

the conventional mechanical specimens (tens of =m2 ) there are measured

only the average strength and deformation, in many cases the knowledge

of these characteristics is not adequate. In comparison with convention

al mechanical tests, the micromechanical tests permit evaluating the

local properties in far smaller sections (1 mm2 and less). The micro-

mechanical tests are used and are often indispensable in the following

conditions: a) with small dimensions of the body from which the micro-

specimens are prepared (for example, in testing rare and noble metals -

uranium, plutonium, tantalum, rhenium and others), when necessary to

cut the specimen from wire or from a small damaged part, etc.: b) with

nonuniformity of properties over zones of surface layers subjected to

the action of chemico-thermal processes, wear, corrosion (for example,

for evaluating the properties of weld seams and transition zones);

c) with anisotropy of the properties (for example, mechanical properties

of thick sheets in the direction perpendicular to their largest surface,

and the lateral properties of thin bars and profiles usually can be de.
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termined only by microviechanical teqt'ng). The following m*crotesters

are used in the USSIR for :Ucromechanical teats: RF-2 for tension to 140

kg, for tnrpon to 40 kWcm; G.A. Dubov teatwr with rigid photoelectric

dynamometer for forces to 200 kg; MIFI with force to 200 kg for tensile

testing at temperatures to 1500* in vacuum or inert medium. Low terper-

ature and high temperature testinZ to 800-900' is also performed on

modified machines of the RF type and on the Dubov micro tester. Micro-

mechanical testing to 15000 is performei on the Konoplenko tester.

Abroad, use is made of the MI-34 Shevenar tester with interchangeable

elastic force-measuring element produced by the Amsler firm for axial

loads of 350 kg (this tester is not intended for torsion tests), and

others. With significant reduction of the test scales (magnitude of

loads, specimen dimensions, etc.), difficulties arise both in providing

accuracy and in preparation of the microspecimens. Machines for frac-

ture testing of threads, textiles and leather, foil with loads from

grams to several kilograms generally have low stiffness and therefore

are not accurate with decreasing *,oad (for example, after necking in

tension). In view of the small absolute magnitude of the ricrospecimen

deformation, to retain accuracy it is necessary to ensure still less

displacement of the force-measuring device in the direction of deforma-

tion by means of designing microtesters which are sufficiently rigid.

This is particularly important in the case of sharp transitions from

loading to unloading with the development of cracks, tensile necking,

loss of stability, fracture of individual filaments, etc. On the other

hand, small displacements in the force-measuring mechanism reduce the

accuracy of measurement of the loading and the deformation diagram.

High accuracy of micromechanical tests is achieved in the RF micro-

testers by means of a differenrtial system with high- gear ratios, and

also by the use of a string-action force-measuring device. In the Dubov
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microtester the force neasurement accuracy is 15 grams, rigidity uf the

glass sensor Is 50 kg/micron. Completely acceptable for micromechanical

testing are the particui"ly rigid testers for smAll loads of the Ins-

tron type with electronic recording devices (USA). These mAchines have

very rigid, interchangeable elastic force-measuring devices (with loads

to hundreds of kilograms the deformation of the force gauge is no more

than 0.075 mm) using electric resistance strain gage sensors. Recording

or the load is accomplished by a recorder with controllable servomotor.

The microtesters have mechanical drive and usually use optical chart

recording, since friction of a pencil or pen on paper creates consid-

erable errors. A calibrated spring or lever-pendulurm system serves as

the force-measuring element. Reduction of the diameter of the working
portion of the microspecimens to less than 0.5 =m is generally not ad-

visable in view of the considerable difficulties of preparation (partic-

ularly for the soft or springy materials), marked increase of errors,

and definite manifestations of structural nonuniformities in very small

sections. The effect of surface work hardening during cutting, which is

usually not noticeable for the standard specimens, becomes significant

in the preparation of microspecimens. For soft materials such as copper,

surface work hardening may increase the yield strength markedly, for

the steels it may distort the yield area. Therefore the finishing ope-

rations are carried out with minimal depth of cut and a feed of no more

than 0.01-0.02 mm or with the use of electric polishing. The effect of

the scale factor in comparing results of tests of microspecimens and

specimens with d = 5 mm shows up in greater strength and plasticity of

the smaller specimens. This effect increases with increase of the ulti-

mate strength and the nonuniformdty of the structure. For copper the ef-

"fect of specimen size is quite small, for the D16 and V95 aluminum al-

loys the strength of the microspecimens is higher by 5-10%, for quenched
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and low-tempered steels the fracture resistance of the microspecimens

a higher by 30-50% than for specimens with d m 5 mm. The plasticity of

the microspecimens exceeds that of the d = 5 mm specimens by a larger

amount for the materials with low plasticity. Micromechanical testing

of drawn rods show that the work hardening of the central and inner

zones is different; in the latter, in contrast with the periphery of

the rod, there is observed a considerable reduction of plasticity. Mi-

cromechanical tests of weld Joints show a considerable variation of

strength and plasticity, particularly in the transitional zones. These

variations cannot be detected by conventional tests in which the frac-

ture As determined by the properties of the weakest zones. Microme-

chanical testing of turbine blades after service shows considerable

variation of properties of the surface layers as a result of combined

mechanical and corrosional damage. Micromechanical tests are a reliable

means of evaluating local variations of properties in service condi-

tions.

References: Roytman I.M., Fridman Ya.B., ZhTF, 1949, Vol. 19, No.

3; Roytman I.M., ZL, 1956, No. 7; Konoplenko V.P., Vinogradov D.K, ibid,

1959, No. 1; Regel' V.R., Berezhkova G.V., Dubov G.A., ibid.

Ya.B. Fridman
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MILLERITE (capillary pyrite, yellow nickel pyrite) is nickel sul-

fide NIS; con•tains 64.7% Ni; Fe, Co, Cu, are usually present in small

quantities. Millerite is re]atively rare. It forms fine hairlike or

acicular crystals with perfect cleavage, appears in tangled-fibrous

masses, radial-rayed aggregates. The color of rillerite is brass-yel-

low to bronze-yellow. Mohs hardness is 3-3.5, specific weight 5.03-5.9,

brittle, the hairlike crystals are somewhat elastic. Millerite is a

good conductor of electricity, noriragnetic, anti ferromagnetic. Mille-

rite has strong magnetic anisotropy; it dissolves in sulfur monochlo-

ride at 1700 and on heating with Cu; with Fe the same reaction begins

at 380* (with the release of 57 kcal); at 350* it transitions into the
hlgh-t'.mperature •n-modification. The melting point = 7970 for arti-

ficial variety); heat of forxation is 20,000 cal; heat capacity at 0*

is 0.565 Joules/gram. Millerite is attacked by bromine vapors, is sub-

Ject to weak attack by chlorine beginning at 150%. It is stable with

respect to HCl, H2 S0 4, KOH, KCN, FeCI 3 , HNO3 (1:1); dissolves in con-

centrated HNO and aqua regia; solubility in water is 39.87.10 moles/3
/liter.

Millerite is used in engineering as a result of its antiferromag-

netic properties and the rtrong magnetic anisotropy; it Is also used

in radiotechnics as a crystal detector.
References: Bitekhtin A.G., Mineralogiya (Mineralogy), M., 1950;

Shadlun T.N., Millerite, in book: Minerals of the USSR, Vol. 2, M.-L.,

1940.
V.I. Magidovich
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MINIMAL CYCLE STRESS is the cycle stress which is smallest in ab-solute magnItude; equal to the algebraic difference of the average cy-
cle stress and amplitude ' -m aa'm min m - See Fatigue.

G.T. Ivanov
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MIPORA is a solidified foam based on urea form-aldehyde resin. It

is prepared by mixing the resin with other components and is a rigid

porous plastic with volunetric weight 0.01 g/cm3 and up, and has the

very lowert (in comparison with other similar material) coefficient of

thermal conduction (0.022-026 kcal/m-hr-'C). Mipora is characterized by

a larhe quantity of open pores, ability to absorb a considerable amount

of moisture and relatively low mechanical strength. Mipora has low flam-

imability, high thermal stability (to 95-1000), can be used for short

time at temperatures to 140-140%. The properties of mipora are: mois-

ture content 12 percent, with 20 percent compression the material must

not fracture, at 2000 the material may char but must not burn under the

action of an open flame. Mirpora is widely ubed as a thermal insulation

material in refrigerators and in railway cars. To retain the thermal

insulating properties, mipora is first packaged in waterproof film and

placed in that form between the walls.
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MODIFICATION OF ALLOYS is the artifical alteration of the structure

of cast metal and alloy involving the refinement of the microgramn, al-

teration of the form, size and distribution of the structural components.

Modification of alloys is accomplished by addition to the melt of small

quantities of modifiers - substances which in small quantities influ-

ence the crystallization process and alter the sutructure. Refinement

of metal grain and alloy structural components during crystallization

may be achieved by creating a concentration gradient which retards

crystal growth, and by artificial formation of difficultly soluble par-

ticles which, acting as nuclei, aid the beginning of crystallization th

throughout the entire volume of the liquid. Usually an additive which

forms with the alloy components refractory compounds which crystallize

first is selected as the modifier. This method of modification is used

for the aluminum alloys (introduction ofTi, V, Zr, Mn), for the irons

(treatment with Mg to alter the graphite form - see Modification of

Iron), for steels (addition of aluminum). Modification of the structure

of a casting alloy has an effect on the properties not only in the cast

condition, but also during the entire subsequent processing of alloy.

Modification improves the hot workability of the alloy, improves the m

mechanical properties and affects the transformation processes in the

solid state. For example, in the aluminum alloys modification reduces

the tendency to grain growth during recrystallization, in the steels it

leads to obtaining the so-called naturally fine-&rained alloys, i.e.,

steels with low tendency to austenitic grain growth during heating for

thermal treatment. Another method of modifying the structure of the
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casting alloys involves the creation of conditions which increase the

supercooling of the melt, i.e., leading to reduction of the actual al-

loy recrystallization temperature. These conditicns arise as a result

of a considerable overheating of the liquid metal. A more effective

method is the introduction of special modifiers. For exarple, for the

casting aluminum alloys (siluniins) more frequent use is made of treat-

ing the melt with sodil.n or its salts.

References: Bochvar A.A., Metallovedeniye (Metal Science), 5th edi-

tion, M., 1956; Mal'tsev M.V., Modifitsirovaniye struktury metalliches-

kikh splavov (Structural Modification of Metallic Alloys), in Alyiuzini-

yevyye splavy (Alixmin.n Alloys), M., 1955.

O.S. Bochvar, K.S. Pokhodayev
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MODIFICATION OF IRON is the treatment of.liquid iron before pour-

ing it into forms by graphitizing and stabilizing modifiers to i~prove

its structure and increase the mechanical properties as a result of a

favorable influence on the crystallization process. The objectives of

iron modification are varied: 1) favorable lamellar graphite precip'ta-

tion distribution; 2) g¢iing the iron a fine-grained structure by means

of increasing the number of crystalli'ation centers; 3) preci;itation

of the structure-free cenentite; 4) giving the metallic matrix of the

iron a purely pearlitic structure (in place of ferritic-peralitlc); 5)

accelerating the process of annealing white iron into wrought; 6) im-

proving the mechanical properties of refined iron.

Iron modification also includes its treatment with magnesium or

its alloys in order to obtain high strength iron witn graphite in

spherical form (see Magnesium Iron). By treating iron with graphitizing

modifiers we obtain a structure without precipitates of structure-free

carbides, by using stabilizing modifiers we obtain a purely pearlitic

iron matrix which is free of fer;'ite (stabilization of pearlitic car-

bides). Treatment of iron with modifiers of both types is accompanied

by a general improvement of the mechanical properties as a result of

the specific action of the modifiers mentioned above and also as a re-

r sult of refinement of the iron grain and uniform distribution of the

graphite.

'As graphitizing modifiers, use is made of ferro-silicon grade SI75

(GOST 1415-4 9 ), calcium-silicon grades Kasi-O, Kasi-l and Kasi-2 (GOST

4762-49) and graphite. For simultaneous alloying of the gray-irons they

2620



I I-1OOMl

are modified with alloys containing: 1) 60-65% Si, 5-7% Xn and 5-7%Zr;

2) 50-55% Si, 5-7% %,a and 10% Ti; 3) 30% Si and 60% In. Ferro-silicon

for modifying eray iron must contain about i.5% Al and a small quantit:

of calcium.

TABLE 1

Mechanical Properties of Gray Iron
Modified with Ferro-Silicon With
Differing Aluminu= Content

.~12 -:

*Amount of modifier in terms of
0.5% Si.

1) Aluminum content in ferro-silicon
Sm~odifier* (%); 2) (kg/:Ja ); 3) an

(Izod) (kýri); 4) number of eutectic
grains in 25 rmri length.

Graphitizing modifiers are used to treat gray irons with carbon

equivalent [%C + 1/3% (Si + P)] no greater than 3.8, which are prone t(

the formatilcn Gf cermentit,• burfuct± or t;, the forn'ation of interdendri-

tic graphite precipitates. TLe arrount of mc,difier is specified in terra

of silicon cr ferro-silicon.

In order to trar,6fo•rz tne ferritic-p-Ftrlitic structure into pear-

litic, the gray iror,1 • are tre•at~d with stabilizing modifiers with high

carbon equivalent (niorti thtan •.8). Here uz.e Is made of alloys contain-

ing: 1) 17-lIf 2i, 4o% Cr axd 1oY N; P) 25-30% Si and 50% Cr. Alloys
of silicon with iX Ii, Liicun with 2% Ce, silicon with 2% Mg, mischme-

tal (an alloy containing cerium), calcium, etc. are used experimentall]

as modifiers. A method is being developed for blowing through the iron

a powder consisting of calcium carbide and fluorides of the rare metalt
24•21
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In a Jet of nitrogen or argon, which permits cbtaining high mechanical
properties of Irons with high carbon equivalent (4.2-4.7). The increase
of the mechanical properties of the gray irons treated in the liquid
state by modifier additives is shown in the figure as a function of the

carbon equivalent.

. w XCy ,J X(V.

"Fat_- - I- I ,ta
ZS,

5It

Relationship between carbon equivalent and strenMt in unmnodified and2modified irons. 1) Carbon equivalent, 5C + 1/3% (S + P); 2) a ,kg/=~3) unmodified; 14) graphitizing modifiers; 5) stabilizinig modi~e'rs.

TABLE 2
Mechanical Properties of Modi-
fided Alloyed Irons

N6 C~r e (tm '

2N.44 10-2203.7 34.3 202-M1.1.61 II) - 4. b ~223.29 ~9 6 *a - 314.1 2243.157 2. 44 - - 46.5 2693,34 2.44 -- 47.5 26
3,73 1.63 V. 4 - 34.6 24054 2.74 as - 45.6 3064.1 11 0.26 0.73 IIIS 2133 .72 1 4.4' 0.2 0 .74 53.8 302

1) Carbon equivalent %C + 1/3%(Si +P); 2) content of alloy-
Ing elements; 3) kg/- 2
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TABLE 3

"Mechanical Properties of Yag-
-nesium Iron Modified With Fer-
ro-Sillcon

O.e ) (P :4M 3 .t% Ie

of grains per I cm2;3) (kg/

/mm 2)

The effect of modification is more rarked on the properties of the

4 alloyed irons (Table 2).

Modification of magnesium iron with ferro-silicon improves its

plasticity as a result of increasing the amount of ferrite in the ma-

trix and refinement of the grain (Table 3). The presence of aluminum

in the ferro-silicon is not of essential importance.

The modifiers are added in the ladle in crushed form, placing them

on the bottom of the ladle prior to pouring the metal or using Jet in-

Jection. In the latter case metering devices of varying construction a

are used. Risers must be installed for castings made from modified iron.

The modified irons are used for the production of critical castings

of high strength in machine construction.

References: Spravochnik po chugunnomy lit'ur (Handbook on Iron

Casting), ed. by N.G. Girshovich, 2nd edition, M.-L., 1960; Vasilernko

A.A., Grigor'yev N.S., Instruktivnyye i metodicheskiye ukazaniya po

tekhnologicheskomy protsessu polucheniya modifitsirovannogo chuguna

(Instructive and Process Directions on the Technological Process of

Producing Modified Iron), Kiev, 1950; Hall A.M., Nickel in Iron and

Steel, translated from English, M., 1959; Wilder H.H., "Foundry," 1960

v. 83, No 6, p. 116-19.
A.A. Sitkin
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MODU'ICATION OF MAGNESIUM ALLOYS is the introduct.I an in* o the

liquid metal in very small quantities of modifying substances which aid

in obtaining fine grain (crystals) which is uniform through the entire

volume of a casting. Alloys of the Mg-Al-Zn-Mn~, system are subjecte.d

-to modification.

Alloys containing more than 0.5% ziroconium, are not modified

since the grains In these alloys are sufficiently small and Uniform.

Grain refinement in the Mg - Al -Zn - Mn alloys is assoclet-ed with the

formation of components with relatively high relting points whose sol-

ubility in the liquid metal diminishes with temperature reduction.,

Precipitating in the form at very fine particles, these components

serve as crystal nuclei. It is believed that the nuclei may be particles,-

of aluminum carbide or the more complex compounds: Mg - Al -C; Mg -

Al-Nh - C; the compounds of aluminum with Iron: Al -Fe - Mn; Al-

-Mg'-Fe -Mn.

Modifi-ation of the magnesium alloys is achieved by addition to

the liquid metal of substances containiing carbon - by blowing natural

* gas, acetylene, carbon dioxide through or by introducing aluminum and

calcium carbides, graphite, carbonates (chalk, marble, magnestie),

chlorides (carbon tetrachloride, hexachloroethane, hexachlorobenzene

* and others). Magnesite and chalk are widely used in industry to modify

the magnesium alloys. Magnesite is introduced in lump form (10-25 si

size) in the amount of 0.3-0.4% of the alloy weight at a temperature

of 720-7300, chalk is introduced in powder form in the amount-of 0.5-

o.6% at 76o-7800; the modification operation lasts 7-10 minutes (to'
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termination of tarbulence). Modification of the magnesium alloys may

be accomplished by overheating the liquid metal, i.e., heating to

850-950, and holding at this temperature for 10-20 minutes. The modi-

fication effect disappears with long-term soak of the liquid metal at

a temperature of 680-700, but heating to high temperature again leads

to grain refinement. Modification of therA:esium alloys refines the

grain from 0.2-0.3 to 0.01-0.02 rn. Modification permits producing

casting alloys with high mechanical properties (Nb, 00,2# 6, an). The

variation of the properties as a function of grain size corresponds to

a straight line relation in the coordinates (properties - longarithm

of number of grains per 1 rmz?) (figure). Modofication improves the al-

2 2

, I mm,
- • i .ii* ii, .r -W .

S 2Jd$ *, 10 20 30~ 5070100,'00

Variation of mechanical Froperties of
cast magnesium, alloys with gain size.
1) k/m; 2) ML; 3) number of grains

ppr 1 nun

loy processing properties, reduces the probability of appearance of

cracks and microporosity (see Modification of Alloys).

(4 - A.A. Lebedev
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MODIFICATION OF POLYMERS - see Molymers.

2
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MODIFIED POLYACRYLONITRILE FIBER - synthetic carbon-chain fiber

containing, in addition to the nitrile of acrylic acid, other compon-

ents (vinylpiridine, vinyl chloride, acrylic acid, acrylamide, etc.).

It is produced primarily in the form of staple fiber containing up to

15% of a modifier wider the nwmes: Orion-4 2 and Orlon-31, Acrilan,

Creslan, Zefran, Dynel and Verel (USA), Saniv (USSR), Darvan (FRG),

Tacryl (Sweden), Courtella (England), Kanekalon (Japan). Modified poly-

acrylonitrile fibers are dry and wet spun from solutions of the copoly-

mer in dimethylformamide, sodium thiocyanide or acetone. The staple

fiber is produced in the form of clusters (general Um 0.019, elementary
Nm 1500-4500) or pieces from 38 to 114 mm long in the twisted form with

a rough surface. The properties of the modified fibers depend on the

chemical nature and the quantity of the second added polymer and also

on the modification method (copolymerization, inoculation or mixing of

polymers). Modified polyacrylonitrile fibers are inferior to nonmodi-

flied polyacrylonitrile fibers with respect to strength, light and huat

resistance and, to a smaller extent, with respect to chemical stability,

but they are superior to the latter with respect to elastic restoration,

moisture absorption (with the exception of Dynel), wear resistance,

with respect to chemical affinity to dyes, with respect to solubility

(fibers with a high content of the second monomer are soluble in ace-

tone); are less inflammable.

The physicochemical and mechanical properties of modified polyacry-

lonitrile fibers are given in Tables 1 and 2.

With respect to other physicochemical properties modified polyacry-

Z627
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lonitrile fibers are close tc polyacrylonitrile fibers. Modified poly-

acrylonitrile fibers are dyeable by acid, dispersion, indigo, vat,

basic or cation dyes; sometimes use is made of chromizing (for Acrilan)

and mordant (fcr Verel), etc., dyes.

Modified polyacrylonitrilic fibers are used for engineering pur-

TABLE I
Physicochemical Properties of Certain Modified
Polyacrylonitrile Fibers

C"Ieoha Q~O*na42 Ta~pE.¶ IIpea 6

Ya. we.... .. ......... 1--.1 .9 1.3 .D"TfWO'WpW8Rme ape rSx

, 2 yROON . . 1.5 2.5 1'1-1., 3..-4 0.4
Onocul"AAu RoG wala,•wjw 3I.6 . --

(me" lie, rpn•

rope"a"

l. Properties; 2) Orlon-142; 3) Zefran; 4) Tacryl:
5 Verel; 6) Dynel; 7) specific weight; 8) moisture
content under standard conditionsi 9) moisture con-
tent at 95% relative humidity; I) inflammability;
11) flammable; 12) nonflammable and do not support
combustion.

TABLE 2

Mechanical Properties of Certain Modified Polyacryl-
onitrilic Fibers

Cwlem 1 oas 4i Taixpt 5_O 1 A

7,a mawa .ua (,,v)i"
bevioro Dnove8 ..... 7- 190.-23 .4 2.2 4 5.0 22.5-25.2 22.6-31.&

S"Peu nOM on p l 1,Q vlr l p. . . 16.2--0." 4 -36 21.6- 24.2 27.0p Ip t • N wo t ¢o n P O T r ' n e p •

pVauy (wp ,') ... 'a . .... 22.5--27.1 37.3 26.6 .i 29.2-33 29.5-40.YXA'esowe (%) 11.kevzore u•now ........ 20-20 33 20-45 30-3S 0--42

0 o cp, ro or IoI-H8... ....... 26-34 33 -- i J2-34 30-42
Daaeuo~eme p(u VTrMCe A oR-

E0Na3 flp37 HL5NCNU 0?
aoAS%)(%) 9..... 2 92 to aS s5

IV (2%) (2%) % (0%) (5%)

(npu 7Ftmenn as 1%) 4.93(' ...... 13.... 3.s
(t.DJU~t) 2.3""--49

1) Properties; 2) Orlon-42; 3) Zefran; 4) Tacryl; 5)
Verel; 6) Dynel; 7) rupture length (km); 8) of the
dry fiber; 9) of the wet fibp:; 10) timate tensile
strength (kg/mm2 ); 11) elongation (k), 12) elasticity
(elastic restoration upon from 2 to5% elongation)
%); 13) initial modulus of elAsticity (for an elonga-

tion of 1%) (kg/= 2). -628*
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poses (making of working clothing3, filtering materials, diaphra&ms,

etc. ). Dynel and Veoel, which contain 40-60% of a modifier are used for

making draping materials and finishing fabrics for internal upholstery

of aircraft, and also for obtaining (from fibers with 9-17% shrinkage)

artificial fur. Modified polyacrylonitrile fibers with varying degree

of shrinkage (1-28%) mixed with wool (80:20) are used for obtaining

high-volume yarn. Addition of modified polyacrylonitrile fibers to

viscose and acetate fibers improves the wear resistance of fabrics and

improves their service properties.

References: Rogovin, Z.A., Osnovy k1himii i tekhnologii proizvodstva

khimicheskikh volokon [Fundamentals of the Chemistry and Technology of
Chemical Fiber Production]. 2nd edition, Moscow, 1957; Pakshver, A.B.

and Ge.Ier, B.E., Khimiya i tekhnolooiya proizvodstva volokna nitron

(The Chemistry and Technology of the Production of Nitron Fiber]. Mos-

cow. 1960; Monkriff, R.W. Klhimicheskiye volok-na [Chemical Fibers],

translated from English, Moscow, 12r61.

V.M. Bukhman

2
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MODIFIED POLYAMIDE FIBER - synthetic hetero-chain fiber from mixed

or substituted polyamides. Processing of mixed polyamides, for example,

products of condensation polymerization of caprolactam (10-40%) with

the AG or TM salt, produces a fiber with an irregular structure with a

high, in comparison with ordinary polyamide fibers, solubility and high-

er (in comparison with capron) melting temperature (see Vetrelon, Eftre-

lon). Processing of N- or C-substituted polyamides (most frequently by

the CH3 group) subvtantially reduces the melting temperature; as the

number of N- or C-substituted groups in the polyamide macromoleculeq

increases, the ultimate tensile strength decreases and the relative

elongation increases; the introduction of OH polar groups increases the

hygroscopicity of the fiber and improves its dyeing ability. A modified

polyamide fiber has been developed in the USSR with the product of

condensation polymerization of hexamethylenediamine and thiodivaleric

acid as a base. The specific weight of modified polyamide fibers is

1.14, moisture absorption under standard conditions 1.9%, at 95% rela-

tive humidity it is 3.2%; tpl 1830. Rupture length from 23 to 29 k1m;

strength losses in the wet state 6-7%, in a loop 6-8%. Ultimate tensile

strength 26-33 kg/mm2. Elongation in the dry state 13-18% in the wet

state 15-19%. The modulus of elasticity of the fiber is 272-280 k6g/m 2

shear modulus in torsion is 6065 kg/mm2 . The strength loss after irra-

diation by ultraviolet light for 20 hours comprise 72-84%.

Modified polyamide fibers, having a higher elasticity than other

polyamide fibers are used primarily for the production of consumer

- f60goods.
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References: Rofovln, Z.A., Oznovj khimii i tekhnologii proizvodstva

khimicgesjuJg vikijib [Fundamentals of the Chemistry and Technology of
Chemical Fibers Production]. 2nd edition, Moscow, 1957; Kudryatsev, G.I.
and Konkin, A.A., "KhV" [Chemical Fibers], No. 12, pages 3-12, 1961;
Shein, T.I., Chelnokova, G.N. and %!aasova, L.N., Ibid, No. 2, pages

19-20, 1959.

E.M. Ayzenshtevn

2631



1-79v

MODIFIED POLYn3T!R FIBER- synthetic hetero-chaln fiber f'rom ch

ically modified polyethyleneterephthalate (PETF). Modification is

achieved by adding moderate quantities of other dicarboxylic acids o

their dimethyl eaters and glycols (copolyester fibers) or by block

polymerization with other polymers. Copolyester fibers differ from

polyester fibers (see Polyester Fiber) by greater elongations (30-6Q.

softness, ability to be dyed without pressure and the use of "transf#

agents," high shrinkage (20-25%) in boiling water, due to which they

are used for obtaining high-volume yarn which is similar to wool, bul

they have a lower melting temperature and strength. Block copolymeri2

fibe.-s (for example, from block polymerizing PETF with polyethylene

glycol) have the same strength but are more hygroscopic, better dyeat

lity (by a factor of 3) and resistance to multiple flexure (by a fact

of 10) than polyester fibers. A shortcoming of these fibers is the lo

resistance to atmospheric factors. The Kodel fiber (product of conden

sation polymerizat..on of terephthalic acid or its dimethyl ester with

hexahydroxyleneglycol) which is produced in the USA in the form of

staple fiber, has a higher melting temperature (290-2950) and lower a:

finity to the peeling effect (coming of elementar-y fibers onto the swu

face of articles) than polyester fibers (Terylene, Dacron, Lavsan),

which makes it possible to use it together with cotton. The specific

weight of the fibers 1.22, moisture content 0.4% (under standard condi

tions) and 0.8% (at 200 and 95% relative humidity), is soluble only ir

A phenol-tetrachloroethane mixture (1:1) upon heating, it swells in tr

chloroethy.•ne and methyl chloride, it is easier dyed by standard dis-
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persion and azo dyes than Terylene, resists the action of microorgan
isms, shrinkage in boiling water 1%, when held in air at 220*, it is
resistance to atmospheric factors and chemical reagents is the care I

for Terylene, and the resistance to heat aging is higher, the producl

can be ironed at 2C5-215, strength loss of the yarn after 1000 hourf
16o0 is 5C% (it is 55-6C% at 150" for Terylene), rupture lernth 22-39
kin, at 260-2650 it is 0. L5 i=, rupture elongation (under standard cor

ditions and in the wet state) 24-30%, modulus of elasticity 275-385 k
=2elasticity 85-9% (on 2% elongation), 50-60% (on 5% elongation)

and 30-ý.0% (on 10% elongation). The Vycron fiber [product condensatio

polymerization of terephthalic acid (90%) and isophthalic acid (10%)
their esters, with ethylene glycol] is produced in the USA as a stapl

fiber. The specific weight is 1.36, t*,1 2370, rupture length 50 km
with an attendant elongation of 35%, elasticity 93% (in 2% elongation

44% (in 5% elongation) and 33% (in 10% elongation). It is used widely
for making wrinkle-proof fabrics, in special yarns for furniture, dec,
ative and industrial fabrics, and also mixed with cotton, wool, visco:

and polyamide fibers. -

References: Petukhov, B.V., Poliefirnoye volokno. (Terilen, lavsi

[Polyester Fibers. (Terylene, Lavsan)J. Moscow, 1960; Bogdanov, M.N.,
Petukhov, B.V. and Kondrashova, S.M., "KhV," No. 6, 1959; Petukhov, B.

and Kondrashova, S.M. "Is, " Vol. 3, No. 5, 1961.

E.M. Ayzenshtey
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MODULUS OF ELASTICITY is the index which characterizes the re-

sistance of a material to elastic deformation. We differentiate: 1)

modulus of normal elasticity, or Young's modulus E, which is the coef-

ficient of proportionality between the normal stress acand the relative

elongation e: a = Ee; 2) the shearing modulus, or modulus of tangential

elasticity G, which is the coefficient of proportionality between the

tengential stress T and the relative shear 'y: r = G ; 3) the modulus of

bulk elasticity, or the modulus of hydrostatic compression, K, which is

the coefficient relating the relative change of volume E and the aver-

age hydrostatic stress (a1 + 2 + :

The modululi of elasticity E, G, wad K have dimensions of a stress

(kg/ 2 or kg/cm2 ). For an Isotropic material G and K are related with

E by the relations: G = E/2(1+g) and K = E/3(l-2g) where p is the pois-

son coefficient. The modulus of elasticity E is most frequently deter-

mined by tensile tests using the technique described in GOST 1497-61.

The modulus of elasticity G is determined in torsion teste- or may be

calculated from the values of E and g determined in tension. The modu-

lus of elasticity is a structurally insensitive property and therefore

depends little on the heat treatment regime. The magnitude of the

modulus of elasticity is determined by the alloy composition and pri-

marily by the alloy base (Table 1). A marked increase (by 10-15%) of

E in the direction of deformation may be obtained with considerable

reduction or cold deformation. An anisotropy of the mQdulus of elastic-

ity is usually notad in the metallic monocrystals (Table 2). Anisotropy

2634
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of the modulus of clastic.Lty is also typical of the plastics, where

depends strongly on the degree of orientation of the filler fibers anu

their arrangement relative to one another. For the majority of the

metallic alloys the values of the modulus of elasticity E in tension

and compression are close, they nay differ considerably in nonmetallic

materials.

TABLE I
Values of the Moduli of Elasticity E and G for Some
Construction Materials

5 20000 7004
Cre IL .UX(rCA 6 ""•" "tl $to* 9 20r" 770o

26. fl", ".• p 72000 4m~~r..Um , 22 . . ..5 ' 2T"•. .* Io W'
SNarn.$*•~~~T"" ol cro.m PA6 ".16 .!(J~xx~l i0 10

A a ami nipp.1 ,,&,r ax l 3 1- C . . •'•M -- 7200 --0

2 7 Cw..io cu.,.~aoe EDC . . .. e o

)Material; 2) material condition; 3) (2/mm 2 ; 4) iron;4 5) annealed;

) OI~hGSA steel; 7) quenche and terr.pered at 5 0°; 8) E uBT chrome-nickel alloy; 9) quench from 10800 plus aging a2 700 ; 10) copper; 11)
annealed; 12) coJld worked; 13) soft after tempering; 14) BrB 2.5 bery1
liu~n b.ro~ze; 15) aged after tempering and co~ld deformation; 16) VT6 ti
tanium alloy; 17) annealed; 18) aluminum,; 19) D16 alumintum alloy; 20)
forged; 21) rolled sheet; 22) ma•gnesium; 231 MA8 magnesium alloy; 24)
delta-plywood; 25) VFT-S glass textolite; 26) ST-l or anic glass; 27)
VVS silicate glass. W
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)Ioduli of Elasticity of Some Monocrystals

1s M 1' Tm 3i m
ww*4 p w0 lom n |ow" I siow

Au. m 6- . . . UETo we 10400 6100 | Gy* 31509

.Ceo4po 10. 9r 7 00IO 440)0 | 3 1 17 I0~

154L• ,Iw ,. - .d . r. , , i 5140 0 *70 MAO WO, 1
um~ .12•.. z. _,~e 1o~o *a9s~o I *,~oi)1333 161260 8650 490 269 T. N Io .... zsQ $ 9 100 211

1)Metal; 2) lattice type; 3) E (kJrn 2) 4) maximal; 5) mini1mal; 6)
aluminum 7) face-centered-cubic; 8) copper* 9) same; 10) silver; 11)
e ;old; 124 iron; 13) body-centered-cubic$ 141 iagnesuo
16) zinc; 17) cadmium.

p S.I. Kislikina-Ratne:
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MODULUS OF HYDROSTATIC CO•[%RESSION- see Modulus of Elasticity.

2
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MODULUS OF INTERNAL FRICTION OF RUBBEI is the irnex which char-

acterizes the hysteresis properties of rubber under dynamic cyclic

loading. The modulus of internal friction is designated by the letter K

and is defined as double the mechanical losses in unit volume LW in one

dynamic loading cycle with unit value of the amplitude of the dynamic

deformation to. In the linear approximateion, satisfied more accurately

the maller K The advantage of using K is the applicability

in describing any cyclic loadings, including nonharmonic. With harmonic

loading the connection between K and the other indices used to char-

acterize the hysteresis properties of rubber is given by the relations:

in which: E is the complex dynamic modulus; E' and E" are its real and

imaginary components; P is the relative hysteresis or the ratio of the

mechanical losses to the total cycle energy; is the phase shift angle

between stress and deformation. See Internal Friction.

References: Reznikovskiy M.M., KhNiP, 1959, Vol. 4, No. 1, page

79; Priss L.S., VS, 1960, Vol. 2, No. 9, page 1309.

M.M. Rezn-1kovskiy.
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MODULUS OF PIASTICITY - see Secant Modulus.
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MOISTURE - moisture (water) content of a solid bcdy or gas. A dis-

tinction is made between absolute moisture (moisture content) which

represents the quantity of water referred to a unit mass or volume of

dry material (kg/kg or kg/m3 ), and relative moisture content which is

the ratio of the quantity of water to ,nit mass of moist material, ex-

pressed in percent. Water absorbed by the material (see Moisture ab-

sorbing capacity), depending on its structure and composition, can be

bound to the material by adsorption or osmosis, or can be free, being

held mechanically in the pores (capillary moisture and wetting mois-

ture and wetting moisture). The mode of the bound between the moisture

and the material is classified by estimating the intensity of the bind-

ing energy. The moisture content of solid bodies is determined by dry-

Ing under standard conditions until a constant weight is reached,

measuring some physical properties of the body which are moisture-de-

pendent (for example, electric conductivity, dielectric losses, etc.),

hydrocarbon distillation or alcohol extraction. The moisture content of

gases is measured by hygrometers and psychrometers. Moisture is of

great importance in evaluating the quality of materials and in produc-

tion processes. Air humidity is one of the main parameters in the eval-

uation of the weather and climate.

References: Lykov, A.V. Teoriya sushki [The Theory of Drying],

Moscow-Leningrad, 1950; by the same author, Yavleniya perenosa v kapil-

lyarno-poristykh telakh [Transfer Phenomena in Capillary-Porous Bodies],

Moscow, 1954.

S.A. Reytlinger
t 2640
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MOISTURE ABSORPTION CAPACITY (hygroscopicity) - capacity of mater,

ials to absorb moisture from the air. The moisture absorption mechanist

depends on the structure and composition of the material; capillary-

porous materials absorb moisture by capillary .ondensation, polymer

materials do this by osmotic suction and dissolution, crystalline bod-

ies and fluids do this by dissolving water in themselves. The moisture

absorption capacity of porous materials increases with an increase in

the air humidity, reaching a maximum at 100% relative humidity (hygro-

scopic moisture W The moisture absorption capacity is determined by

keeping initially dried materials in moist air at 65% or 100% relative

humidity until their weight reaches a constant value, or for a speci-

fied period of time. Certain hygroscopic substances [CaCX2 , Mg(C10 1 ) 2 ,

concentrated H2 S0 4 , etc. 3 are used for drying of solid bodies and gases

S.A. Reytlingei
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MOLYBDENIZING TEE TITANIUM ALLOYS is the deposition of molybdenum

6n the surfaces of parts made from the titanium alloys. Molybdenizing

of the titanium alloys takes place during decomposition of molybdenum

hexacarbornyl vapors Mo (CO) 6 at temperatures above 2500. Application of

the coating takes place after heating the parts using high frequency

current or other methods in a vacuum chamber with the use of a gas car-

rier (argon) or without it at the carbonyl vaporization temperature of

30-500 and a working pressure in the chamber of 0.1-0.5 mm Hg. The de-

position rate depends on the configuration and volume of the chamb&7,

the carbonyl vaporization temperature, the intensity of the vacuum evap-

oration and other factors, and may amount to several tens of microns

per hour. Nonuniform deposition of the coating is observed along the

direction of motion of the gas flow (flow phenomenon). The coating con-

sists of molybdenum and molybdenum carbide (to 4.0% C), whose relation-

ship is determined basically by the application temperature and partial-

ly by the carbonyl evaporation temperature. At 850* and above, the coat-

ing consists almost entirely of pure molybdenum with hardness 300 HV,

well bonded with the base metal. With reduction of the process tempera-

ture there is an increase of the amount of carbon in the coating and

the bond with the titanium is weakened; at ai• application temperature

of 2500 almost pure molybdenum carbide with hardness about 2000 HV.is

deposited. The coating obtained in two steps - first at 850* and then

at 350-450 -- has good bonding with the base metal and high antifric-

tion properties.

Reference: Tour S., Styka A., Fischer G., "J. Metals", 1955, V. 7,
No. 2, p. 291. I.S. Anitov
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MOLYBDEMI. Mo is a chemical element of group VI of the mendeleyve

periodic system, atomic number 42, atomic weight 95.94. The isotopic

composition of natural Mo is: Mo92 (15.86%); Mo9" (9.12%); Mo9 5 (15.7%);

Mo96 (16.5%); Mo97 (9.45%); Mo9 8 (23.75%); MoI00 (9.62%). Molybdenum is

a silvery gray metal, density 10.32 g/cm3 , top4 2622 ± 10, t~kip

about 4804'. Molybdenum is used in engineering as a refractory metal

which retains considerable strengtr. when heated to 20000. Its content

in the earth's crust is less than 0.001%. Deposits of molybdenum are

encountered in many countries: USA, Norway. Mexico, Australia and

others. the most abuindant minerals conta:.ning molybdenum are: molybae-

nite McS 2 , wulfenlte PbMo0 4 , molybdite MoOY, and others. The ccntent

of these minerals in the ores is low (in the richest ores there is no

more than 1.5% Mo). In the USA, ores containing 0.6% Mo are worked.

The molybdenum ores often accompany copper ores. These ores. Theze ores

are subjected to a complex treatment with the separation of pure Mo.

Ores containing molybdenite which contain 90-95% mo4ybdenite after re-

fining are cf commercial importance. Techin l.. molybdenum trioxide is

obtained after roasting the concentrates. The volatility of MoO
3,

which vaporizes beginning ut 600°, is used for purification. The pure

product is collected in filters in the form of e. fine powder contain-

ing about 99.97% pure MoO3 . Rcduction of MoO to metallic molybdenum
30 3

is performed in hydrogen at 600-1100°. In this case the oxygen content

in the resulting powder is about 0.5%. The powder is ground, sized and

then processed to obtain compact molybdenum. The powder metallurgy

method is usad to obtain the compact molybdenum (see Sintered Molyb-

2643
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denum) utllizing electric-arc vacuum melting and also electrom beam

melting. Molybdenum production is concentrated primarily in the USA

(80% of world output, except from the USSR). The greatest amount of

molybdenum was produced in 1943 (31,400 metric tons). In 1959 the

capitalist countries produced 30,200 metric tons. Artificial radioac-

tive isotopes of molybdenum exist. Atomic radius is 1.36 A, ionic ra-
0 0

dius of tetravalent Mo is 0.68 A, that of hexavalent Mo is o.62 A,

atomic volume is 9.45 cm 3/gram-atom. Crystal lattice is body-centered-

cubic with period 3.1466 A (allotropic modificatinn is not observed up

to the melting temperature), powder density (bulk weight) is 3 g/cm3

density of cold pressed briquet is 6 g/cm3 , that of singered briquet is

9.2-9.8 g/cm3, density of thin sheet or wire made form sintered bri-

quet is 10.3 g/cm3 m cast and arc melted density is 10.2 g/cm3 . Vapor

pressure (at 10-3 mm Hg): 0.01 (19540); 0.1 (21250); 1 (23240); 10

(2568') 15.7 (26220). Heat of fusion is 70 cal/g. Heat of vaporization

is 1625 cal/g, c (cal/g-0 C) 0.004 (-257*); 0.030 (-181.50); 0.0589 (00);

0.065 (1000); 0.075 (475'). a (1/°C); 2.8-10-6 (L 1 7 3 °); 5-10-6 (270);

5.1.10-6 (5000); 5.510o-6 (i000°); 6.2-10-6 (15000); 7.2-10-6 (20000).

X (cal/cm-sec- 0 C): 0.44 (-183*); 0.33 (--76°); 0.32 (00); 0.26 (14730);

0.17 (21730) P (pLohm-cm): 5.17 (00); 5.78 (270); 23.9 (7270); 35.2

(11270); 47.2 (15270); 59.5 (1927°); 71.8 (23270); 81.4 (26220). En-

thalpy change (HT - H2 5 0C) cal/mole: 5825 (9270); 8740 (13270). Photo-

electric threshold is = 3.22 + 0.16 volts; electron work function is

4.17 volts; work function of positive ion is 8.35 or 8.6 volts (from

data of different investigators). Cross section for absorption of ther-

mal neutrons is 2.4 + 0.2 barn. The metal is not thermally stable in an

oxidizing medium at temperatures above 7000 because of the volatity of

the oxides (see Protective Coatings for Molybdenum).

About 3/4 of the molybdenum produced Foes for alloying of the
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steel and nickel alloys. .1,olybdenum iLproves the through-hardenability

and surface-hardenabilJty of stee1, elimninates tempering brittleness,

and increases the high-temperature stability. Metallic molybdenum is

used in the electric light bulb and radiotechnical industries in the

form of wire and bars. Molybdenum i used for the fabrication cf sheet

anodes, grids, cathode springs. Since the coefficient of expansion of

molybdenum is nearly the same as that of glass, it is used for elec-

trical contacts sealed to glass. Molybdenum oxide does not color glass,

and therefore it is used for electrodes of glass vats in the founding

of optical glass. Molybdenum is also used for the fabrication of heat-

ing elements of resistance furnaces operating in a vacuum or in a neu-

tral medium (hydrogen, ammonia, iiiert gases) up to 17000. Molybdenum

is utilized for fabricating tools in the metal working industry: pierc-

ing punches, dies, stamps for hot stamping and equipment for pressure

casting. The use of molybdenum for highly loaded parts of gas turbines

and for parts if rockets which are heated to very high temperatures is

quite promising.

TABLE 1
Mechanical Properties at Room Temperature of Molyb-
denum Melted in Vacuum by the Arc Method

Xap-Ha MaTpila..a 1 2 pe,,I to,., 6 *

I lpyT-w d= t 5-20 Am a) 6:, om ira 5 65 70 23 40
) ftci -?.,t~rAa .an CHHNTAIN maflpimmili

np. 9#'5 a Teimie I ,imafa 54l 68 2S S04 7 ) "IIiCM • pe |IPOnTa.-1.l 3aOll nOwri• • ,,I' ra
npmil I1t75,.' Irt : t. I qclf a 13 47 25 25

3IxuCi' m imm~nnod 1',5 - a) 1.1'.1e OTwfra npm luuu" io.t.ah ,•fan.--
i..u 0.3 OA a) ctiv'.1in' n.r. a 7 7p5e 205 yl.1 Eail;al-1 -

19 6) iiw.ir-,w tr t~irnepNCN omyainpU,. liaumpai-
1 ele .1H•1kJI .l(aTKSIIO 52 S1 -

8r•IIICT TIOl~U4llllMA 0,33 NA4 a) lI,X'.lr f T~m, ra4 npii 945* •lwo.b I*lli jap*

'~ it, irll'l on }•Wm i a n pneHAUN )Y.TI ONO HOUlP411

21) Nature of material; 2) temper; 3) (kg/mm ); 4) rod, d 15-20 mm;
5 a) without annealing; 6b) after annealing to relieve stresses at
085 for 1 hour; 7c) after recrystallizing anneal at 11750 for 1 hour;
) mm-thick sheet; 94) after anneal at 985 , along direction of roll-

ing; lOb) after annealing, across direction of rolling.
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The meThuitcal propertiez or moý-bdenum depend on the degret of

purity, the rn '-ductinn technology, at, ;,f testing conditions. As a re-

sult of Che absence of pnase transformations, molybdenum is strength-

ened by half-hot i;;rain hardening, and not by h'at treatment. The only

heat treatment used w.Ai molybdenum is annealing. The req;:.ired combina-

tion of the mechanical pioperties of molybdenum mill products (bar,.

sheet, tube, foil, wire) Is athieved by deformation and annealing. Typ-

ical mechanical properties of molybrenum sheet and rod are shown in

Table 1. The effect of notching on short-term strength and fatigue of

molybdenum is shown in Table 2. Molybdenum has a high-fatigue life co-

efficient - from 0.65 to 0.80. Just as some other metals which cry-

stallize in a body-centered-cubic lattice (Fe, Cr, W), molybdenum is

cold brittle. The temperature threshold for cold brittleness of molyb-

denum depends on the degree of purity of the metal, the production

method; the grain size, the testing conditions. Molybdenum of high

purity, produced by repeated zonal refinerient in vacuum, is plastic at

-190* (in tensile tests). When produced by arc melting in vac um and

by the powder metallurgy method, the temperature for the transition of

molybdenum from the plastic to brittle condition varies in th range

from'-50 to +7000. Oxygen has a particularly large influence on rais-

Ing the cold brittlcness threshold of molybdenum. From tests in band-

ing, with an increase of the oxygen content from 0.003 to 0.098 the

transition temperature of the specimens increased from 45 to ,250. The

transition temperature also increases with increase of the gr!in size.

The effect of grain size on the transition temperature of mol~bdenum

into the brittle state is shown in Fig. 1. The effect of testltempera-

ture on the mechanical properties of wrought molybdenum is shuwn n

Fig. 2. With increase of the temperature from 20 to 1800%, ab drops

from 68 to 4.5-5 kg/mm . The stress-rupture strength of wrougnt molyb-
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denum at 11000 is 9 kd/.jrr. after 1G,½ hours. The 10-hovr strength of

recrystallized molybdenum under tiioze conditians is equal to about 6.3

kg/mm 2. When wrought molybdenLum is heated to a certain temperature the

recrystalli.ation process takes place, involving the formation and

growth of new grains and accompanied by weakening of the metal. In

physcial metallurgy practice the recrystallization temperature is gen-

erally taken to be the temperature at which after short-time heating

(about I hour) 50% of the initial strengthening is retained. The cry-

stallization temperature of molybdenum depends on the purity of the

metal, the production method, and the initial degree of aeformation.

With incrcase of the degrc of deformation from 70 to 99.7%, the re-

crystallization temperaturu of uolybdenum drops from 1200 to 900Q. At

room temperature recrystaliIzed molybdenu= ray be in the brittle or

plastic states dependiliC •n the degree of purity and the grain size.

The tensile strength of recry.,tallized molybdenum at room temperature

is 40-48 kg/mm 2. The difference of the strength of molybdenum in the

recrystallized and strain hardened conditions decreases with increase

of the temperature above 10000.

TABLE 2

Tensile and Fatigue Strengths of Molybdenum at 200

2 AYr.ia ism mr-m maa

4 ~IM) IiIiiw*(p.zij It esT-u.sI)|•

a - (mpit Hiriorw) w S I. U Im.w aiI r.i;tl(i,. .',I.,RI~h. I at,,. 52,7

9 (~ iII~.~ 1  j ~ N I 21d 38.I7

I~~~~~~~l4~~~~U ,. m.iu..t 1 iii.,~(4j414. D I.749 •' J~l)h4*9~ t4.II'wlTII IH II.I'.,,M f 
4
Y --.

*Fatigue life coefficient 0_i/cb.

**K f = 01 sIz.uoth specimens/ c-I notched specimens.

1) Properties; 2) form of specimen, 3) meta; production method; 4) arcmelting; 5) powder metallurgy; 6) a (k/ ); 7)r( i ?) smooth specimej

8) notched specimenis; 9) a_, (bendia) after 5.107 cycles (kg/mm 5;
1O) fatigue life coefficient*; 11) notch sensitivity coefficient in
fatigue testing Kf**.
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| _impurities C, 0, N, Si, Fe, Al,

14 "MOO-/- Ca, P, S and other elements) are pre-
it0 100 "U.

___ •sent in technical molybdenum ir. amounts

060- /2- from hundredths to hyndrei thousandths
40. 2 -

o -- - of a precent by weight depending on the
5 0 0 ,50 00 10 A metal production technology and have a

3 ?emPWpOMyp M~t~ *C

marked effect on its properties. The
Fig. 1. Effect of gain size
on molybdenum plasticity. most harmful of these impurities is

1' kgm2 2). grains/'nun2
3$ts klmp2;2)grains/tra2; 'oxygen, which has limited solubility3. test temperature, °C.

in Mo: at 17000 it dissolves in the

amount of 0.0065% by weight, with temperature reduction the oxygen

solubility diminishes and at llO000 is 0,0045% by weight. With increase

of the oxygen content low-melting Mo oxides are formed, which are ar-

ranged in the metal along the grain boundaries in the form of a thin

lii
4ý 80,;oc -o •-h -

30-L
0 500 0000 1500 1800

Fig. 2. Effect of test temperature on mechanical properties of w ought
molybdenum produced by the arc method. 1) G and Eg, kg/mm=2 x 10--', ob,

kg/mm2 , 6 and *, %; 2) test temperature, *C.

film, which leads to marked embrittlement of Mo at room and elevated

temperatures. With an oxygen content over 0.004% by weight the capabil-

ity of Mo for deformation is reduced, particularly in the presence of

nitrogen and carbon. In the case of melting Mo with additions of Th,

Zr, Hf, Tim the deleterious effect of the oxygen is reduced as a re-

sult of binding it into refractory oxides which precipitate out dur±ng
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crystallization of the metal in the form of globules within and along

the boundaries of the grains. The effect of oxygen in the form of MO

oxides and oxides of the refractory metals, nitrogen and carbon on the

temperature for the transition of Mo fron the plastic to brittle state

is shown in Fig. 3.

2 50 ~ MO '6 o4~

a a a O -.O o 0 ,c 0 .03

a d ce•.o,, D-- ,,

Fig. 3. Effect of impurities on transition temperature of cast molyb-
denum from plastic to brittle state (bending tests). a) Transition
temperature, °C; b)0 2 in the form of MoO 2 film; c) 02 in the form of

MeO globules; d) impurity content in %.

References: Molybdenum, collection edited by A.K. Natanson, trans-

lated from English, M., 1959; Nuclear Reactors, translated from English,

Vol. 3, M., 1956 (Materials of the Atomic Energy Commission of the USA);

Stroyev A.S., Ovsepyan Ye.S., Zakharova G.V., Tugoplavkiye metally:

molibden, vol'fram, niobiy i tantal (Refractory Metals: Molybdenum,

Tungsten, Niobium, and Tantalum), M., 19G60; Zarubin N.M., Koptsik A.N.,

Proizvodstvo tugoplavkikh metallov (Production of Refractory Metals),

M.-L., 1941; Problemy sovremennoy metallurgiii (Problems of M dern

Metallurgy), 1955, No. 4 (22); 1956, No. 2, (26); The metal molybdenum,

Cleveland, 1958.

Ye.S. Ovsepyan, A.S. Stroyev
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fMOLYBDENUM ALLOYS are construction materials for the fabrication of

parts operating at temperatures of ll00-18000; for short periods (to 5

minutes) the molybdenum alloys may be used for operation in a stream of

combustion products atL2300-2500°.

.The high-temperature strength level of the molybdenum alloys de-

i pends on the degree of alloying, the nature of the interaction of the

alloying elements with the base metal, and to some extent on the produc-

tion technology. With regard to the alloy deformability conditions, the

alloying limits of molybdenum are comparatively limited, and the selec-

tion of alloying elements for rational alloying is not extensive.

To obtain a marked increase of the high-temperature strength of

molybdenum, tungsten must be added to an extent of more than ?0%, which

leads to unwanted increase of the specific weight of the alloy deterio-

ration of its deformability. The overwhelming majority of alloying ele-

ments make molybdenum brittle. The only element which increases its

plasticity is rhenium, whose introduction in the amount of 40-50% makes

molybdenum deformable at room temperature. However rhenium is scarce

and therefore not easily available for alloying production alloys. The

best alloying elements from the viewpoint of effectiveness of increase

of the high-temperature strength of molybdenum and retention of its de-

formability are Zr and Ti. The alloys containing these metals (to 0.5%)

are single-phase and with regard to physico-chemical nature belong to

the hard alloy group which are strengthened by half-hot strain hardening.

A higher level of high-temperature strength is shown by the hetero-phase,

heat-treatable, complex-alloyed molybdenum alloys containing Ti, Zr,

2C~50



C and other eleents. o!3wever t.e hetero-phase alloya are less plastic

and their production is associated with considerable difficulties.

The low-alloy molybdenum alloys of grade T.V1-1, TsM-2, and VTM-2 con-

taining 0.1-0.4% Zr, to 0.4% Ti and to 0.02% C are produced in the USSR.

The following low-alloy single-phase alloys are produced abroad: Mo +

0.3% Nb; Mo + 1% V; Mo + 2% W; Mo + 0.55 Ti and Mo + 0.08% Zr + 0.22%

Ti, of which the last two alloys have the highest high-temperature

strength. The Vf4-2 and 1o + 5% Ti alloys are used to produce mill pro-

ducts: rods, forging blanks, stampings, and the VM-I and TsM-2 alloys

are used to produce rods, sheet, tubing.

To obtain high quality mill products from these alloys it is nec-

essary to use new technology for producing the metal with utilization

of vacuum during melting and heat treatment, and protective media during

deformation. The mechanical properties of the molybdenum alloys depends

on their composition and temperature. Figure 1 shows the variation of

the tensile strength of the molybdenum. alloys with temperature in the

20-20000 range. The effect of temperature on ab, Ed, 6 and an of the

VI4-2 alloy is shown in Fig. 2. With temperature increase from 20 to

20000, the alloy strength decreases consistently from 80 to 3-4 kg/,=.2

At 13000 the hetero-phase alloy is stronger, and the VM-2 is the strong-

est of the single-phase alloys.

The modulus of elasticity (Ed) of low alloy molybdenum alloys is

equal to the elastic modulus of unalloyed molybdenum. With temperature

increase from 20 to 18000, Ed of the low alloys gradually decreases from

32,000-33,000 to 18,000-18,500 kg/mm'.

The molybdenum alloys, Just as molybdenum, are cold brittle (see

Molybdenum). From impact tests of standard notched specimens, the tran-

sition temperature from the plastic to brittle condition of the alloys

VM-1, TsM-2 and VM-2 is in the 150-3000 range. From static tensile
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tests, not rolled sheets of the alloy VM-I of 1-mm thickr.sss with de-

gree of deformation 90-95% are plastic at -700. Fatig-ur lmits of low-

alloy alloys on the basis of 107 cycles at room temperature are: VM-2

52-54 Pk=/mm (cylindrical specimens); VM-I, 46-48 kg/mm2 (sheet speci-,

mens).

901 185
80

70
6!5

S55

25a%0

Is

o0J00~ 700. O 50 DL

Fig. 1. Effect of temperature on mechanical properties of molybdenum al-
loys: 1-Unalloyed Mo; 2--Mo 40.5% Ti; 3-alloys VM-l and TsM-2. 4.-al-
loy VM-2; 5--Ma + 1.27% Ti + 0.29% Zr + 0.3% C. a) ab kg/mm2; bý test
temperatuee, *C.

"6C - ---
5-3

- 20

" 1 0 400 800 1200 '600 2000.

Fig. 2. Effect of temperature on mechanical properties of the VM-2 al-
loy. 1) an, kgm/cm2 , 6%, E-lO-3, k,/.. 2 ; 2) test t@erat', *C.

The stress-rupture strenght of the single-phase alloys after 100

hours (testing in neutral medium and in vacuum); ,NIO + 0.5% Ti at 11000
2 2is 24 kg/mm ; Mo + 0.08% Zr + 0.22% Ti at 11000 is 33 kg/mm ; alloy

2VM-2 at 12000 is 23 kg/mm ; alloys VM-l and TsM-2 at 12000 is 8-10 kg/
/m2. The 100-hour strength of the hetero-phase alloys alloyed with Ti,

Zr, Nb, C and others is considerably higher than the strength of the

single-phase alloys and at 13000 reaches 23 kg/mm2 .

2652
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The only form of heat treatment of the low-alloy alloys of the type

VM-l, TsM-2, 7.:-2, is annealing: hom,3genizing anneal of ingots at 1800-

20000, in termediate recrystallizing anneal of the deformed materials at

130014500 and annealing of the finished products to relieve stresses at

90o-1100o. The alloys are also weakened as a result of recrystalliza-

tion. After deformation by 75-95% the recrystallization temperature of

alloys of the type 104-1, TsM-2, Mo + 0.5 Ti is about 1300-13500, and for

the VM-2 alloy it is about 14000. The difference in strength of the

molybdenum alloys in the strain hardened and recrystallized conditions

reduces with increase of the test temperature. At temperature of 15000

and above, the short-term strength of the metal in the strain hardened

and recrystallized conditions is the same.

Molybdenum alloys are not refractory because of the volatility and

low melting point of the molybdenum oxides. The alloys are not used

without coatings at temperatures above 700' for long-term operation in

oxidizing media (see Protective Coatingsi for Moolybdenum). Without pro-

tective coatings parts made from the rol~lbdenum alloys can operate only

in reducing and neutral media and in a v8cuu..

The physcial properties of the low-6lloys of the type VM-1, TsM-2,

VM-2 and others are the same:

y in0, g/cm3

t 2);)1 X at I'.

a (i,7 -- 6,N) I]I-' at 11-- .

Alloys of the type V14-l, TsM-2, VM-2, Mo + 0.5% Ti are satLisfactor-

ily machined using a tool made from high speed steel.

To prevent spalling, the vibration of parts must be minimal during

machining, they should be mounted on the machine tool with pads made

from Al, Cu or soft iron.

Parts of complex configuration can be made from sheets ol the type

VM-1. and TsM-P alloyr by st-Ln-4ng it ýe Le Fw1g. +, and Stamping
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Thermal Conductivity and Heat
Capacity of Molybdenum Alloys

Xap-.ta 0"2 ni o ,un-pe
1A-P 20- 1 50- a 100

S.(~a!.a., e.w.'c) 0., .3 0.2,
G("• .C) •~x-*Q 3. 10:01617 -0.087 1 .029

1) Characteristic; 2) at tem-
perature; 3) X (cal/cm-sec- 0 C);

. (cal/g-°C).

of Molybdenum).

Sheets of the type VM-l and TsM-2 alloys are resistance welded and

fusion welded using argon arc or alectron beam in a vacuum. With high

welding speeds and cooling, weld seams of sheets of thickness to 1 mm

may be plastic, with a bend angle of no less than 20* (at room tempera-

ture) (see Welding of Refractory Metals).

The molybdenum alloys are used as materials for inserts of criti-

cal nozzle sections, skins for flight vehicles, parts for rockets and

atomic reactors, die inserts for pressure casting steel, equipment and

tooling in the metal working industry, parts for equipment in the pe

troleum and glass industries, parts for radio, electrotechnical and

electronic engineering, etc.

References: Molybdenum, collection edited by A.K. Natanson, trans-

lated from English, M., 1956 (Materials of the Atomic Ehergy Commission

of the USA): "Less - common metals"; 1960, v. 2, No 2-4; The metal

molybdenum, Cleveland, 1958; "Metaux (Corros.-inds)" 1955, v. 30.

Ye.S. Ovsepyan
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MOLYBDENUI4 BARS- semifinished products manufactured from scinter-

ed molybdenum obtained by powder metallurgy and from cast molybdenum

and its alloys melted in vacuum arc furnaces.

In view of their low mechanical characteristics and recrystalliza-

tion temperature, pure molybdenum bars are of limited application,

being employed principally in the electronics industry, where they are

converted to fine wire and foil. Use of molybdenum-alloy bars is more

promising. Bars of V14-, VM-2 and TsM-2A alloys are employed as struc-

tural materials and as blanks for the manufacture of tubing and sheets

(VM-1 and TsM-2A alloys) and stampings (VM-2 alloy, etc.). Bars are pro-

duced by pressing, rolling, and forging. Bars are pressed from ingots

of VM-l, VM-2, and other alloys at 1600-17000 with a minimum deforma-

tion of 70%. Blankz consisting of preliminarily deformed bars of VM-2

alloy are pressed at 1250-i14550, while blanks of VM-l alloy are press-

ed at 9OO-1300.

The temperature to which preliminary deformed blanks are heated

before rolling is 13500 for VM-2 alloy and 12500 for VM-1 alloy. Roll-

ing is completed at 800-9000. Prepressing or prerolling heating of the

blanks is carried out in an atmosphere of purified hydrogen, argon, or

helium. After reduction in area by F0-85% intermediate annealing is

carried out at 14000 for VM-l alloy and 1450 for VM-2 alloy, employing

a holding time of 5 hr in a vacuum (10-4 mm Hg), Large-diameter bars

can be annealed in a neutral atmosphere. In order to achieve optimum

mechanical characteristics the final degree of deformation should be

80-850. In order to relieve internal stresses the finished bars are an-
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nealed in a iacuum or neutral atmosphere at 1100-1000* for 2 hr; the

surface oxide layer is removed before annealing.

Pressed bars can be produced in diameters of from 20 to 150 mm,

while rolled bars have diameters of from 10 to 50 mm. The normal length

of pressed bars ranges up to 2500 mm, while that of rolled bars ranges

up to 800 mm.

For che mechanical characteristics of molybdenum and molybdenum-

alloy bars see the articles entitled Molybdenum and Molybdenum alloys.

References: Obrabotka zharoprochnykh splavov [Processing of High-

Hot-Strength Alloys], Moscow, 1960.

S.B. Pevzner
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MOLYBDENUM DISILICATE (MoSi 2 ) - chemical compound of molybdenum

with silicon (Si 36.9% by weight), which bas a high high-temperature

corrosion resistance at 17000. Molyidenum disilicate is known for over

50 years, but it is only after the Second World War that a practical

use has been found for it.

Properties of sintered molybdenum disilicate:

Tetragonal crystal structure. Lattice spaceings (A): a = 3.197,

c = 7.871, c/a = 2.463; tp 2030±500, y = 5.9-6.3 g/cm ; H for P = 100
2E is 1300 kg/mm , p 22 (250) microohms, cm, at 16000 it is 80 microohms"

-68-cm. a = 8.10 (20-1000*) *C-I, arcording to different data in the tem-

perature range 27-1480 it is 5.1-10 6C-1.

Creep strength after 100 hours at 9800 is 21 kg/mm2 , at 10400 it

2 2 2is 10.6 kg/mm , at 10900 it is 6 kg/mm. izg = 25-40 kg/mm.

2Ultimate tensile strength at 9800 is 28.1 kg/mm , at 12000 it is

30 kg/mm2 , at 13150 it is 28.8 kg/mm2 . at 127-1320° is 0.5%, 0b -

246 kg/mm2 , c = 0.092 cal/g. C, enthalpy 47.9 kcal/mole. y at 1500 is

0.129 cal/cm- sec. OC, at 54Q0 it is 0.093 cal/cm-sec- .C. E = 41,300 kg/
/Mm2.

Radiation coefficient at lo00-1600o is 0.93. Thermal stability ac-

cording to the regime: heating from 200 to 1200 in 12 sec, cooling to

2000 in 15 sees. (10-20 cycles); according to the regime: heating from

100 to 15000 in 30 secs. cooling to 1000 in 45 secs. (5-10) cycles). It

is resistant to all nonorganic acids, to molten sodium, tin, lead, bis-

muth, mercury and other metals which do not form silicates, but dis-

solves in a mixture of hydrofluoric and nitric acids or in hvarnf1i,^r4r,
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acid in the presence of some other oxidizers and in alkalis. High-

temperature corrosion resistance, which is an important property of

molybdenum disilicate, is due to the formation on its surface of a pro-

tective film consisting of silicon dioxide. Molybdenum disilicate is

stable in air up to 17000, i.e., to a temperature somewhat lower the

melting temperature (17130). The properties of molybdenum disilicate

f depend to a large extent on the manner in which it is prepared. The

simplest method for oblaining molybdenum disilicate powder is combining

'directly Mo + 2Si = MoSi 2 at 1000-12700. Products from molybdenum disi-

li.cate are made by hot pressing of the MoSi 2 powder at 19000. Molybden-

um disilicate is used for the production of refractory products, heat

resistant alloys, creating of high-temperature corrosion resistant coat-

ings on articles from molybdenum, niobium, iron, alloys with them as a

base, etc. Molybdenum disilicate for oxidation protection of components

can be applied by spraying (oxygen-acetylene, plasma and other burners),

pre.-ipitation of silicon from the vapor phase at 1000-1800 from a mix-

tur of hydrogen and silicon tetrachloride or b,, the thermodiffusion

method from powders. In the last two cases, as a result of diffusion of

the silicon in a molybdenum, a protective film is formed, as a rule,

from MoSi 2 (sometimes other phases, such as Mo 5Si3 andMo3Si, are pre-

sent) (See Protective Coatings of Molybdenum).

References: Borisenko, A.I., Zashchita molibdena ot vysokotempera-

turroy gazovoy korrozii [Protecting Molybdenum from High-Temperature

Gas Corrosion], Moscow-Leningrad, 1960; Samsonov, G.V. and Neshpor, V.S.,

Poli.xcheniye, svoystva. i tekhnicheskoye primeneniye disilitsida molibdena

(Obtaining, Properties and Engineering Application of Molybdenum Disili-

catel], "Ogneupory" ["Refractory Materials' ), No. 1, 1958; Samsonov,

G.V. and Portnoy, K.I., Splavy na osnove tugoplavkikh soyedineniy (Re-

fractory Compound-Based Alloys], Moscow, 1961; BUckle, H., Les alliages

2608 _
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de molybdene et leur protection contre l'oxidation (Molybdenum Alloys

and Their Protection Against Oxidation], "Rech. aeronaut.," [Aeronauti-

cal Research], No. 61, page 47, 1957; "Metallu rgia," Vol. 53, No. 318,

page 175, 1956.

Ye.V. Sivakova
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MOLYBDENUM FORGINGS AND STAMPINGS- forgings and stampings made

from molybdenum and low-alloy molybdenum. Medium-size and small forgings

and stampings (up to 200 mm) are made from previously extruded bar 150

mm in diameter or less or from other extruded blanks similar iii shape

to the forging. Blanks and ingots are heated in an atmosphere of hydro-

gen, argon, or helium. A low-alloy blank is heated to a temperature of

1400-15400 for stamping. Stampings in the form of blades and valves are

best made by extrusion. An ingot 200 mm or more in diameter serves di-

rectly as the initial blank for large forgings and stampings (more than

250 mm). Under deformation,ýaý low-alloy ingot-will be neated to a tem-

perature of 1800-1600o. In the manufacture of forgings, after several

heatings, the second and subsequent heatings are carried out at 1400-

15000, and the last heating at 1350-14000.

The permissible degree of deformation in one machine pass for

forging and stamping is =50%, in extrusion, 70% or more. Forgings and

stampings obtained from a bar that has first been extruded will work

better, have more uniform structure, and improved mechanical properties.

To relieve internal stresses, forgings and stampings are subjected to

annealing in a vacuum of 10"-4 mm Hg at 11000 for 2 hr. Prior to anneal-

ing, the forgings and stampings are worked mechanically until oxides

are removed completely from the surface. Large fergings may be annealed

in a neutral atmosphere after stamping. In this case, after annealing

an oxide layer about 1.5 mm thick is removed from each side.

Pure molybdenum may also be used for forgings and stampings (disks,

blanks for gas-turbine blades, etc.), intended for the manufacture of

"2660
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lightly loaded parts. The technology employed in manufacturing the

stampinjs and forgings is similar to that used for lightly loaded al-

loys, but the pressure-working temperature is 400-300 lower.

Molybdenum and its alloys have a wide temperature range of plas-

ticity, so that the forging and stamping processes may be concluded at

900,i000.

The chief factor impairinF the plasticity of molybdenum and molyb-

denum-based alloys during deformation is elevated content of oxygen and

other impuritit-s co a ir.c t c :t a

References: Obrabotka zharoprochnykh splavoN [Processing of High-

temperature Alloys].[Reports to a Conference]. Moscow, 1960.

S.V. Pevzner
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MOLYBDENUM PIPES - are made from sintered molybdenum, pure cast

metal (smelted in electric arc vacuum furnaces) and from molybdenum-

base low-alloy alloys.

Pipes from sintered molybdenum usually have a low density, reduced

plasticity in the recrystallized state for which reason their utiliza-

tion is limited. Pipes frcm purz- cant molybdenum, due to the low re-

crystallization temperature, cannot be used in designs operating at

temperatures above 800*.

The use of pipes-from low-alloy alloys with molybdenum as a base,

with a recrystallization temperature by 300-400' higher than that of

pure molybdenum is most promising. Molybdenum pipes are also used in

nuclear engineering (reactors, heat exchangers) and in radioengineering

apparatus.

Pipes from the VM-l alloy can operate successfully under substan-

tial stresses at 1000-1200, and at low loads up to 1700. Extrusion of

pipes with a wall thickness of 4-12 mm is performed at 900-1200, roll-

ing and drawing is done at 350-5000. The starting blank for pipe extru-

sion is a pressed hollow cartridge, while an extruded pipe is used for

rolling of thin-walled pipes. Intermediate annealing for pipes is per-

formed for each 60-70% total deformation at 1250-14500. The final an-

nealing takes place at 1100* or 1650, depending on the intended use of

the product. The medium in which the blanks are heated before extru-

sion: purified hydrogen, argon or helium.

Annealing is performed in a vacuum of 10-4 Mm of Hg. The product
quality (particularly plasticity) depends on the purity of the starting

41
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metal, heat trcatment under vacuum, and also on the conditions under

which the extrusion, rolling and drawing processes take place, which

should desirably be done In a neutral medium.

The length of extruded pipes is up to 2 meters, of rolled up to 8

m, of drawn up to 1.5 m. Pipes in the hardened state are annealed at

11000 under a vacuum to relieve residual internal stresses.

Nominal Pipe Dimensions(mm)
Tp6 4 • Iu~i•, w' ,'.II' I flI'.('*T-tf.iM

35-0 5-6 21-)[ -: 40 6 51f--i.5-- 1 .8 0.K t.

1) Extruded pipes; 2) thin-walled rolled pipes; 3) thin-walled drawn
pipes; 4) outside diameter; 5) wall thickness.

"The mechanical properties of pipes at 200 should conform to the

following norms: ab b 75 kg/mm2 , 6 > 10% for extruded, a b- 85 kg/mm 2

6 > 6% for thin-walled rolled and drawn pipes.

Thin-walled pipes are tested for flaring and flattening at 350-

5000. On request by the consumer, thin-walled pipes are tested for gas

permeability and hydraulic pressure.

References: "Steel," No. 6, 1958; Yadernyye reaktory [Nuclear Re-

actors), translated from English, Vol..3, 1956 (Materialy Komis. po

atomonoy energii SShA [Materials of the Atomic Energy Commission of the

USA]).

S.B. Pevzner
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MOLYBDENUM SHEET is used for the fabrication of details operating

for a long time (from several hours to several tens of hours) at 1200-

20000 in a nonoxidizing medium and for a short time (from several

seconds to several minutes) in an air atmosphere.

The sheets may be produced from the pure metal or from certain

plastic alloys (see Molybdenum Alloys) which are obtained by smelting

or by the powder metallurgy method. The production technologies are:

forging or pressing of ingots at 1500-1800" (blank of rectangular sec-

tion); hot rolling (into sheet in the range of 1250-10000). Strip of

thickness from several tenths to several hundredths of a millimeter is

obtained by rolling on multi-roller mills.

For the mecharical properties of the molybdenum sheet see the ar-

ticles on Molybdenum and Molybdenum Alloys.

Molybdenum sheet of 0.5 mm thickness is easily pressure workee at

room temperature. Sheets 0.5 mm thick which have been rolled in two

directions (with 900 rotation) can be bent through an angle of 1800 in

any direction with radius equal to the sheet thickness. To avoid the

formation of cracks when forming material of thickness 0.5 and 1 mm (in

sheet stamping), the sheets must be heated to 100-160%, sheets of

thickness greater than 1 mm must be heated- to 35o-40o0. This also ap-

plies to the case of trimming in dies and shearing. Heating of the dies

is also recommended. Stamping must be performed with a minimal number

of operations. Molybdenum sheet can also be subjected to end milling.

This must be done in the longitudinal direction and the sheets must be

clamped between steel sheets to avoid tearing the edges. Milling of

.2664J
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flat specimens for mechanical testing and the drilling of holes is per-

formed similarly.

Molybdenum cladding is one of the methods of application of pro-

tective metal coatings on sheet and is used to protect the molybdenum

from oxidation at high temperatures. As a cladding material we can make

use of pure nickel and also the nickel- and iron-base refractory alloys.

The cladding technology is the following: fabrication of a shell from

the cladding material, welding of the molybdenum blank to the shell,

hot rolling into sheet. The maximal operational temperature of clad

molybdenum is determined by the heat resistance of the cladding mater-

ial. Cladding improves the fabricability of molybdenum sheet in the

operations of cutting, bending, blanking, drilling, etc.

Mechanical Properties of
Clad Molybdenum in Short-
Time Testing

W. 2 Teiin-pa Uctm"HUKIW (1C)
esrflc1M. t1000 1200

Ob ( ') .3 -- :.2 29.5-30.6

3.5-5 j S.75--.5

i) Mechanical properties;
fl test temperature; 3)
(kg/mm2 ).

Joining of molybdenum sheets (clad and unclad) can be accomplished

by riveting (molybdenum rivets), welding (argon-arc, spot, electron

beam), brazing. See Welding the Refractory Metals, Brazing Refractory

Metals and Their Alloys.

References: Northcott L., Molybdenum, in volume Molybdenum, transl.

from Eng., ed. by A.K. Natanson, M., 1959; "Less-common Metals", 1960,

v. 2, No. 2-4.

A.I. Mikheyev
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MOLYBEtJUI STRIP see Molybdenum Sheet.
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MOLYBDENUM WIRE. The initial blanks for the manufacture of this

wire are rolled rods or bars forged in a rotary-forging machine.

As a result of the low technological plasticity of molybdenum at

room temperature, the wire is drawn at 5000. Heating is carried out in

a hydrogen atmosphere in a special chamber. Preliminary heating ensures

that deformation can be carried out at the desired temperature. After

a total deformation of 85-98% the wire is annealed at 1250-13500 in a

vacuum of 10"4 mm Hg. The minimum finished-wire diameter is 20 p.

Test methods are dictated by the purpose for which the wire is in-

tended: the principal requirement imposed on wire to be used in heaters

is long-term serviceability at high temperatures, that imposed on wire

to be used in electronic equipment is high physical characteristics,

and that imposed on wire to be employed in structural applications is

high strength.

Molybdenum wire is produced in the cold-worked and annealed states.

22
The c5b of wire 100 4 in diameter is =2.0 kg/mm2; after annealing at

10000 b 100 kg/mm2, while after after annealing at 12500 6b = 60

kg/mm2 .

Small-diameter molybdenum wire is used in the manufacture of va-

cuum tubes, instruments, etc. and in electronic devices; medium-diame-

ter wire is used in heating elements for electric furnaces intended to

function at temperatures of up to 18000; thick wire is employed as a

structural material.

References: Davis, G.L and Burdon, P.J., Metal Treatm. and Drop

Forging, 1958, Vol. 25, No. 159.
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£MONEL METAL is a nickel-base alloy which -contains as the basic al-

loying element 27-37% Cu. In the USA the term monel metal is used for

the alloy consisting of 2/3 nickel and 1/3 copper obtained by metal-.

lurgical processing of local natural ores. Monel metal of type NMhIhMts

28-2.5-1.5 is produced in accordance with GOST 492-52 with the composi-

tion: 27-29% Cu; 2-3% Fe; 1.2-1.8% Mn, remainder nickel. This alloy

has excellent corrosion resistance, high tensile strength and good.

.. plasticity in the cold and hot conditions. The NMZhMts 29-2.5-1.5 al-

-loy is used to produce sheet (TsMTU 200-41), strip and band (GOST 5187-

49 and GOST 492-52), wire (TsMTU 664-41), and rods (GOST 1525-53). Monel

metal is used for many parts requiring high corrosion resistance and

mechanical strength (in chemical, shipbuilding, medical, petroleum,

textile and other branches of industry, machinery and equipment con-

Sstructuon). Vaireties monel metal are the improvabel (strengthened by

heat treatment) alloy monel-K and the high strength casting alloy

monel-S. Monel-K contains 63-70%. Ni, 2% Fe, 1% Mn, 1% Si, 2-4% Al, re-

mainder copper. This alloy is used 4n those cases requiring higher

strength than conventional monel metal.

Monel-S contains 62-68% Ni, 28-31% Cu, 3% Fe, 1.0% Mn and 3.0-5.0%

Si. It is used for casting articles with high strength, hydraulic im-

permeability, high chemical stability and good resistance to wear. It

is used to make valve seats and rubbing parts of gas turbines and other-

machinery. Monel metal does not corrode in dry air and distilled water,

is resistant to the action of dilute sulfuric acid, strong alkalis,

most organic acids, dry gases at ordinary temperatures and sea water.
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Corrosion rate of monel metal in sea water and subsurface waters does

not exceed 0.003 cm/year. The monel metals surpass the other copper and

iron alloys in stress-rupture strength and refractoriness at tempera-

tures of 250-500*. The mechanical properites of mill producta made from

monel metal are presented in the table and the figure.

tJo

?Mo[ 400 $00\

2 lO 0-.mm i..a *c

Variation of mechanical properties of monel metal with annealing tem-
perature; cold rolled strip (20% strain hardened), annealed for 3 hours
at indicated temperatures. 1) kg/mm2 ; 2) annealing temperature, °C.

Mechanical Properties of Mill
Products of NMZhMts 28-2.5-1.5

flI~y~dilinI~~w rOCT winu TY

.5 7soci- A 5
6 .,,, ,.,o : '.T5157--4: S ! a ,

rxlr 5u41--49jli•.mmric (3 UMTY 210k-41 40 25n1py?"t 1: ji .
T.Kylue T

4 
,.Ae.2 rOCT 15.5-s3 4 1 10

3i . The U% qrn ,C , 4 45 l 5

-,',,,,+,*',.'-.+ qlso 25I .ip i a'i•.'lwca: 1tlMTr 664-41
• mrm, niel£0,5-4. ¶••- Ib N :OM2

4$ 30
,--.9 9 17 70 I

%,0-- 0.u,'.- 61 1

1) Mill products; 2) GOST or TU; 3) aý (kg/mm2); 4) no less than;.5)
strip and band; 6) soft; 7) GOST; B) ialf-hard; 9) soft sheet; 10)
TsMTU; 11) rods; 12) hard drawn; 13) soft drawn; 14) hot rolled; 15)
wire; 16) soft, diameter; 17) hard, diameter.

Mechanical properties of monel metal type NMZhMts 28.2.5-1.5; in

soft condition Ob = 50 kg/mm?, 6 = 40%; in hard condition (50% strain

hardening) ab = 75 kg/mm2 ; 6 = 20%; 00,1/1000 at 315* is 24, at 4250 is

2669



II-117M2

17.' and at 52400 is 4' kg/m 2 .

Physical and technological properties: y = 8.8; X 0.062 kcal/

/cm-sec-*C; p = 0.48 ohm-mm2 /m; c - 0.127 cal/g-*C; a = 0.000014 (0-

100COC'; E - 18,200 kg/mm2; temperature coefficient of electrical re-

sistance 0.001 (20-100*); t pl 13500; hot working temperature 926-1177*,

annealing temperature 850-9500.

References: Spravochntk po mashinostroitel'xIy materialam (Hand-

book on Machine Construction Materials), Vol. 2, M., 1959; Smiryagin

A.P., Promyshlennyye tsvetnyye metally i splavy (Industrial Nonferrous

Metals and Alloys), 2nd edition, M., 1956; Espe W. Werkstoffkunde der

Hochvakuumtechnik, Bd 1, V., 1959.

Ye.S. Shpichinetskiy
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MONOLITHS- see Phenol Molding Powders.
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MORGANITE- See Beryl.
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MOTHPROOFNESS - see Biological Stability.
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MOTTLED IRON - is a cast iron in the structure of which the car-

bon is partially present in bound state (cementite, carbides) and par-

tially in free state (graphite). Mottled iron is characterized by poor

mechanical properties; it is difficult to cut, and it is, therefore,

not used in practice, excepting the medium-hard chilled iron, the sur-

face structure of which is similar to that of the mottled iron. The

structure of the mottled iron is formed by a low silicon content in

the iron, an increased content of carbide-forming constituents (Mn,

Cr) and in the case of overheating of the molten iron. The graphite

may precipitate in the lamellar or spheroidal form, depending on the

technological melting conditions. Mottled iron is improved by temper-

ing (see Heat treatment of cast iron). Mottled iron with a lamellar

graphite is not used for tempering into malleable iron because the

malleable iron obtained by this method possesses poor mechanical pro-

perties due to tte precipitations of lamellar graphite is not used for

tempering into malleable iron because the malleable iron obtained by

this method possesses poor mechanical properties due to the precipita-

tations of lamellar graphite. The formation of mottled iron in castings

may be prevented by modifying (see Modifying of cast iron). Some pig

iron grades for steel manufacture possess the structure of mottled

iron.

A.A. Simkin
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MOUNTAIN CORK (attapulgite) -an argillaceous mineral, a hydrated

aluminum magnesia silicate with the composition (OH2 ) 4 (OH) 2 Mg5 Si 8 0 2 0 '

•4H 20, where some of the Mg and Si atoms are replaced by Al. It crys-

tallizes monoclinically. This mineral is white or gray with a yellowish

or brownish tint. Under natural conditions (whei- it occurs in pockets

and blanket deposits) it forms masses with a tangled fibrouL structure

("mountain leather," "mountain cork," or "mountain wood"). It has a

specific gravity of 2.1-2.4, a Moos hardness of 2-2.5, and an index of

refraction of 1.53-1.54. Its fibers are 4-5 4 long, 50-100 A thick, and

elongated along the c axis. Attapulgite has a ribbon-like structure of

the amphibole type and is highly hydrophilic, its water absorption

reaching 500-600%; the aggregate mineral can absorb more than 40% of

its own weight in liquid without losing its initial strength and shape.

Attapulgite is readily decomposed by hot acids, liberating Si02 ; it is

less soluble in alkalis. This mineral loses its adsorbed water when

heated to 1000, its interstitial zeolitic water when heated to 150-200°,

and its hydroxyl water when heated to 375-425", the latter process be-

ing accompanied by conversion to enstatite. The melting temperature of

mountain cork is 1200-1300°; it has a low thermal conductivity and can

to some extent be used as a substitute for asbestos. Attapulgite is em-

ployed in the preparation of salt-resistant solutions for marine drill-

ing and in the counterboring of salt-bearing strata. It is used as a

catalyst in cracking, for removing sulfur compounds from gasoline, in

the manufacture of special types of paper, cleaning and polishing com-

pounds, and dies, as a drying agent for various chemical products and
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gases, and as an adsorbant for purifying petroleum and animal oils,

Swines, and vitamins. It can also be employed for separating certain

chemical products by molecular sifting.

References: Betekhtin, A.G., Mineralogiya (Mineralogy], Moscow,

1950; Grim, R.E., Applied Clay Mineralogy, N.Y., 1962.

V.I. Fin'ko
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MOVIL is a synthetic fiber produced in Italy (see Polyvinyl Chlo-

ride Fiber).

Z.A. Zazulina
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MULLITE is a mineral, aluminum silicate 3A1 2 03 .2Si0 2 , Specific

weight 3.03-3.16. Mohs hardness 6. Bending strength is 4.2.10 kg/cm ,

*l shearing resistance at high hydrostatic pressure (kg/cm): at 10,000 -

• ! 18.103; at 30,000 - 9.0.103; at 50,000 -- 0.8.103. Modulus of elastic-

ity is 3.5.-10 kg/cm2. Does not dissolve in acids (even in HF). tpl is

18100. Heat capacity (Joules/gram) at temperatures: 00-O.77; 8000-1.09;

1200 -1.13. Mullite is formed on heating kaolinite at 950*, on heating

andalusite, sillimanite (see), and kyanite (see) at 1300-1550. Molten

mullite io used to produce high-alumina refractories with excellent

high-temperature strength (crucibles, plates, bricks). The fused art-

icles usually consist cf short-fiber marble (70-84%) with the addition

of corundum (to 10-15%) and glass-like material.

References: Betekhtin A.G., Kurs mineralogii (Course in Mineralogy),

3rd edition, M., 1961; Budnikov P.P., et al., Tekhnologiya keramiki i

ogneu, .ov (Ceramic and Refractory Technology), 3rd edition, M., 1962.

P.P. Stolin
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MUNTZ METAL is a copper-zinc alloy (form of brass) suggested by

Muntz (England) in 1832. Muntz metal contains 57-61% Cu, with and with-

out additions of lead. The following grades of Muntz metal are produced

in accordance with GOST: LS59-1 (57-60% Cu, 0.8-1.9 Pb, balance zinc),

LS59-1V (57-51% Cu, 0.8-1.9 Pb, balance zinc) and LS60-1 (59-61% Cu,

0.6-1.0 Pb, balance zinc). This group of alloys are also termed lead

brasses (see Special Brass). The most widely used alloy .' LS59-1 which

contains the lowest amount of copper and has the high plasticity in cold

and hot conditions; it machines well (80% of the machinability of the

LS63-3 lead brass). The IS59-1 alloy is used to produce strip and bends

(GOST 931-52), rods (GOST 2060-60), tubing (GOST 494-52), wire (GOST

1066-58), and profiles (TsMTU 1317-46).

The basic properties of Muntz metal are given in Tables 1, 2 and

Figures 1, 2.

to ,o

0 NO0 400 6W ,10

Fig. 1. Variation of mechanical properties of IS59-1 alloy with anneal-
ing temperature. 1) kg/mm2 ; 2) annealing temperature, *C.
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I'• I I ' I 'Ito

Fig. 2' Variation of mechanical properties of LS59-1 alloy with temper
ature. 1) bo., kg/mm; 2) temperature, 9C.

TABLE 1

Mechanical Properties of Muntz Metal

no• -,U2can .041^0/Jra) ) (=,u (K&A^ xe (%X(AS•)

a 5 5-46,- 10-12 30-40 45-65 40-40

1) Alloy; 2) % k/mm2; 3) hard condition; 4) soft
condition; 5) LS.

TABLE 2.

.Physical and Technological Properties of Muntz Metal

O1Sa4h?,vae-
, altOe A £0 -ocu b peaHI.ev Teun-pa

Cra" (tea') (IJC) (iA./cA.C#k.C) :(=u•-•.J=,l) (a.a.,a') nn ( frome~nIK) of.•..?

3-3(C)

AC.., 8.5 20., 0., o.085 ,o00 so ,0,o-,s2
XICSO. I 8. I 0.8 I 1 0.2$ 0.0:006 1050 8,7 450-650

1) Alloy; 2) Iy (g/cm3 ); 3)'X (cal/cm-sec-*C); 4i) p
(ohm-mm /m); 5) E (k1/mmz) 6) machinability with
respect to LZ63-3 brass (%i; 7) annealing tempera-
ture (*C); 8) LS. -

References: see article Lead Brass.

Ye.S. Shpichinetskiy
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MUSCOVITE is a mineral of the subgroup of the potassium-sodium

micas of composition KAI 2 (AlSi 3 01 0 ) (OH) 2 . Bright green muscovite con-

taining up to 4% Cr2 03 is termed fuchsite. The crystal system of musco-

vite is easily split into flexible, elastic, thin (in practice to

[10013) lamina. Just as phlogopite, it forms an impact figur- and a

pressure figure. In thin lamina it is colorless, in thicker lamina (0.3-

0.5 mm) it has grayish, pinkish red, brownish, greenish and green

colors; it does not give patterns. It has a glassy luster, on cleavage

planes it is pearly, silken. N = 1.588-1.615; Nm = 1.582-1.611; N =

= 1.552-1.572. It is very clearly biaxed. Density 2.7-2.9; hardness
2.0-2.5; tpl 1260-12900. Acids dissolve it with difficulty; alkalis do

not attack it. Thermal conductivity (perpendicular to the cleavage

plane) is 0.0010-0.0016 cal/cm-sec-deg. Temperature resistant to 500-

6000. Compressive strength (4 x 4 cm plate) is 4200-5400 kg/cm2 ; ten-

sile strength (thickness 0.02-0.05 mm) is 17-36 kg/mm2 ; flexibility in-

dex (maximal thickness in bending around a 4 -am-diameter cylinder) is

11-12 microns; wearability less than copper. Hygroscopicity (after 48

hours) is about 0.2%; water absorption is 1.4-4.5%. Frequently contains

mineral and air inclusions. Muscovite has very high electrical charac-

teristics. Volume resistivity: perpendicular to the cleavage planes

is 10 14-1015 ohm-cm; parallel to the cleavage planes is 10 -109 ohm-

cm, surface resistance 101-10l2 ohm. Electrical strength of muscovite

in the direction perpendicular to the cleavage plane (with testing in

oil, cylindrical electrodes) is: for lamina of thickness 0.025 mm, 2.9-

3.3 kv, and for lamina of thickness 0.05 mm, 4.9 kv; in this case the
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breakdown voltage varies resprctively in the ranges of 109-132 and 85-

98 kv/mm. Muscovite has very low dielectric losses: tangent of the di-

electric loss angle (tan 6 at a frequency of 50 Hz is 0.002-0.003, and

at a frequency of 100-1000 kHz it is 0.0001-0.0004. All these electri-

cal characteristics relate to muscovite which has no mineral or air in-'

clusions, whose presence leads to considerable degradation of the elec-

trical properties, particularly tan 6.

The combination of the electrical characteristics of muscovite

with its technological properties, such as the excellent cleavage in-

to thin and uniform-thickness lamina, high chemical stability, flexi-

bility, mechanical strength, make it a high quality electrical insula-

tion material, therefore up to 90% of the muscovite is used in elec-

trical and radio engineering, the remainder is used for inspection.

windows in boilers furnaces, kerosene stoves, etc. In the form of pluck-

ed mica it is used to produce molding and flexible• lining micanites,- ...

mica foil and mica tape for insulation of high power turbogenerators

and other high voltage machinery; for the production of sheared mica

in the form of rectangular plates, for the production of capacitors (in

radio transmitting and receiving stations, electrical filters for tele-

phone equipment), rod and screen mica for ignition plugs in aircraft

engines, plates for television transmitting tub'es, electric insulation

spacers; in the form of radio tube parts, thermal screens for electric

bulbs, washers for aircraft spark plugs, washers for thermal and elec-

trical insulation and so on; in the flake and powder forms for produc-

tion of micalex, thermal insulation materials, dusting of rubberoid,

production of flame-resistant paints, as a rubber-filler, for the pro-

duction of wallpapers. Waste from the processing;-of muscovite is used

for the production of new forms of mica insulation: "slyudinite" - a

mica paper - and "integrated mica."

2682



II-127M2

Requirements for muscovite quality are standardized by GOST for

plucke (3028-57), capacitor (7134-57), and ground (855-41) mica.

References: Betekhtin A.G' Kurs mineralogii (Course in Mineralogy),

3rd edition, 1961; Volkov K.I. and Zagibalov P.N., Tekhnologiya slyudy

(Mica Technology), M., 1958; Trebovaniya promyshlennosti k kachestvy

mineral/nogo syriya (Industry Requirements on Quality of Mineral Raw

Material), No. 23 - Lashev Ye.K. Markov P.N., Suloyev A.I., Slyuda

(muskovit i flogopit) (Mica (muscovite and phlogopite), M.-L., 1946.

N.N. Zubarev
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MYCOLOGICAL STABILITY - see Biological Stability.
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NATURAL ACIDPR00F MATERIALS - are rocks and minerals which are

highly resistant to the action of chemical reagents, especially acids

and bases. Andesite, beschtaunite, felsite, vulcanic rocks of the type

of Artik-tuff, granite, quartzite, marshallite, and asbestos belong to

the group of natural acidproof materials.

Andesite is a volcanic rock composed mainly of neutral plagioclase

and a subordinate quantity of ferrugionous magnesia minerals (pyroxene,

hornblende, and biotite); it is characterized by a very compact aphanit-

ic bulk. Fresh varieties of andesite are used as an acidproof material.

The specific gravity is 2.2-2.7; the weight by volume is 2.06 g/cm3 ;

the porosity is 4.9-12.9%; the water adsorption is 3.5-7.0; the hard-

ness (according to Mohs) is 5; the temporary compression strength of

the dry specimen is 800-1250 kg/cm2, and that of the frozen specimen

2 2
715-1175 kg/cm2; the Young's modulus is 2.74-4.5 dyne/cm2. The heat

conduction at 600 is 3.06 cal/cm"sec-C.10- 3 ; the melting point is 1195 ;

the specific electric resistance is 4"105 ohmccm. The acid resistance

is (in %): 95-97 in sulfuric acid (specific gravity !.8), and 95-97 in

nitric acid (specific gravity 1.4). The natural acidproof material and-

esite possesses acid resistance, heat endurance, fireproofness, mechani-

cal strength, and viscosity. It is used in the lining of Glover and Gay

Lussack towers in the nitrose and contact methods of the production of

sulfuric acid, in drying and absorbing towers, and also in the lining

of electric filters. Andesite rubble is used as an aggregate of acid-

proof concrete.

Beschtaunite is an eruptive rock. According to the petrographical
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characteristics it may be defined as an alkaline pyrozene-amphibolic

trachyl-iparite; in engineering it is known under the name granite-

porphyry. The specific gravity is 2.67; the weight by volume is 2.4-

2.54 g/cm3 ; the porosity is 14.2; the hardness (according to Mohs),is
2 2

6-7; the ultimate compression strength is 1480 kg/cm , 1450 kg/cm when
2kept for a month in H2S04 , and 1260 kg/cm after one month in HNO3.

Beschtaunite is resistant to thermal shocks. The compression strength

of specimens heated to 8000 amounts to 1350 kg/cm2 after 40 thermal

shocks. The softening point is 1270%, the melting point 1330%. The diel-

ectric constant is 8.0-9.0. The acid resistance (in %) is 97.36-98.48

in H2S0 4 (with a specific gravity of 1.84), and 98.22 in HNO. (with a

specific gravity of 1.4). Beschtaunite belongs to the class of high-

quality naturally acidproof materials and is used in the same industrial

branches as andesite.

Felsite is a volcanic rock, composed from a fine- and cryptograin-

ed aggregate of quartz, cristobalite and alkaline feldspar; it belongs

to the liparite group. The specific weight is 2.2-2.4; the hardness (ac-

cording to Mohs) is 5; the compression strength is 1800 kg/cm2 ; the heat

conduction is 8 cal/cm, sec. C. lO3 at 250; the melting point is 1470-

15000; the specific electric resistance is 106 ohm. cm. The acid resist-

ance in sulfuric acid is 99.3%. Felsite is a first-class acidproof ma-

terial; in the form of rubble it is used as a filling material in tow-

ers and filters, and as an aggregate for acidproof concretes, it is an

ingredient of the charge of special cement grades. The applications of

felsite are limited due to its difficult machinability.

Artik tuff (AT) or Artik tuff-lava is a porous volcanic rock mined

in Armenia. Due to its petrographic peculiarities, it may be defined as

a porous variety of semivitreous dacite. The specific gravity is 0.75-

1.5; the hardness (according to Mohs) is 2-3; the ultimate compression
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strength is 85-135 kg/cm2; the porosity is 57-60.3%; the melting point

is 1200. The acidproofness in sulfuric acid is 96-98%. Owing to its

low weight by volume and its high acid resistance, AT is a good filling

material for towers in the production of sulfuric and nitric acid.

Granite is an cruptive intrusive rock composed from quartz, alkal-

ine feldspar, plagioclase, and mica. The weight by volume is 2.5-2.7

g/cm3 . The water adsorption is 0.2-0.3%. The ultimate compression

2strength is 1527-1278 kg/cm . The acid resistance (in %) is 96-98.2 in

H2 S0 4 , and 97.35 in HN0O3 ; it is used in the construction of towers in

the production of nitric and hydrochloric acid and also in the produc-

tion of bromine, iodine and for other purposes.

Quartzite is a metamorphic rock composed of 95-98% quartz. The

specific gravity is 2.4-2.65; the weight by volume is 2.65 g/cm3 ; the

water adsorption is 3-5%; the porosity is 2-8%. The ultimate compres-

sion strength is 2676-3200 kg/cm2, the mean crushing strength is 2920

kg/cm2. The heat conductivity is 14.9 at 00, and 12.5 cal/cmsec" C.

• i0-3 at 1000. The specific heat (Joule/g) is 0.70 at 00; 0.97 at 2000;

1.13 at 1O0°; 1.17 at 8000, and 1.33 at 12000. The melting point is

1700% The dielectric constant is 9.0-11.0. The acid resistance in

sulfuric acid is 99.5%. It is used as filling material in absorption

and reaction towers in the production of sulfuric, nitric, hydrochloric

and other acids.

Asbestos, marshallite, melted basalt, and quartz belong also to

the natural acidproof materials.

References: Burch F., Sherer D., and Spicer G., Spravochnik dlya

geologov po fizicheskim konstantam (Handbook on the Physical Constants

for Geologists], translation from English, Moscow, 1949. Zavaritskiy

A.N., Izverzhennyye gornyye porody [Eruptive Rocks], Moscow, 1956; Tre-

bovaniya promyshlennosti k kachestvu mineral'nogo syr'ya [Requirements
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of the Industry for the Quality of Mineral Raw Materials], No. 58;
Tumanskiy A.L., and Tukal'skaya E.M., Kislotoupornyye materialy (Acid-
proof Materials], Moscow-Leningrad, 1948.

V.V. Nasedk2n
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NATURAL MODIFIED FIBER - fibers which have acquired new valuable

properties as a result of chemical treatment (modification). The linear

structure of the cellulose niicromolecule is either retained on modifi-

cation (esterification reactions of hydroxyl cellulose groups or con-

version of hydroxyl groups into aldehyde, carboxyl, etc.), or branched

or space structures are formed (for example, synthesis of graft poly-

mers). Surface acetylation of the cotton fiber improves its resistance

to heat and to the action of decay microorganisms, surface treatment of

this fiber as well as of flax and hemp by ethylene cyanide, in addition,

improves their resistanceto diluted mineral acids and abrasion and

improves the dyeability. Partial treatment of cotton fabrics with car-

boxyl methylene (treating it with monochloroacetic acid in the presence

of an alkali), imparts to the fabric cation-exchange properties with

the result that it swells readily in alkalis, which makes the surface

esterification reaction easier. Treatment of fabrics with haloidal al-

kylamines and epoxideamines in an alkaline medium improves the dyeabi-

lity of fabrics by acid dyes. Fibers which are thus modified can serve

as anion exchanges. The fiber becomes fire resistant upon synthesis of

phosphorus-containing cellulosic esters or by treatment with phosphorus-

containing compounds (for example, triethylenimide of phosphoric acid),

which form space polymers within the fiber and, probably, partially es-

terize the hydroxyl cellilosic groups. Selective oxidation of secondary

hydroxylic cellulosic groups Is used for obtaining dicarboyl cellulose;

fabrics made from it can be used as cation exchangers. Synthesis of

graft copolymers of cellulose (copolymers with methyl vynilpiridine,
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" ith acrylic and methacrylic acids) produces fabrics with ion-exchange

properties. The copolymer with vinylidene chloride is incombustible. To

increase the elasticity (reduce wrinkling)the fibers are treated by

methylol derivatives of urea and-by melamine, but the compounds which

are thus obtained (space structures) form chloroamines when washed with

chlorine-containing reagents, which reduces the strength of the fabric

by destruction due to the action of HCI which is generated on ironing.

This shortcoming is eliminated Iny using diepoxy compounds (for eyample,

* vinylcyclohexandiepoxide). Fabric from cellulose fiber is made water-

"proof by alkalizing with onium compounds which contain hydrophobic rad-

icals, or by epoxy ccmpounds (for example, diglycidyle ester of penta-

decylresorcyne).

F References: Rogovin, Z.A., "UKh" (Advance in Chemistry], Vol. 28,

Issue 7, page 850, 1959; Usmanov, Kh.U., "KhNiP" [Chemical Science and

Industry], Vol. 4, No. 6, page 706, 1959; Fisher, C.H. and Perkerson,

P.S., "Text. Res. J.," Vol. 28, No. 9, page 769, 1958.

L.S. Gal'braykh
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NATURAL RUBBER (NK) - is a high elastic vegetable material used

mainly for the production of rubber and rubber products. NK is present

in the milky Juice of rubber-yielding plants or in the form of singu-

lar inclusions in their bark and leaves. Commercial NK is obtained al-

most without exclusion from the milky Juice of the Brasilean hevea. The

milky Juice, termed latex, is obtained by incising five year old trees.

The rubber is present in the latex as spherical or pear-shaped particles,

globuli, which are suspended in water. Formic or acetic acid are added

to the latex on the place where it was extracted in order to coagulate

it. The loose clot (coagulum) obtained is washed with water and rolled

to sheets which are dried and, usually, smoked in chambers. The smoking

makes the NK resistant to oxidation and inhibits the development of

bacteria in it. The finished sheets of NK are more or less transparent

and have an amber color; sucn an NK is termed smoked-sheet. The so-

called pale crepe is less spread. Pure NK is in chemical view a high-

molecular unsaturated hydrocarbon with the composition (C 5 H8 )n and

represents a polymer of isoprene. NK is soluble in aliphatic and aromat-

ic hydrocarbons and their derivatives, in gasoline, benzene, chloroform,

carbon disulfide, etc., for example, forming viscous solutions which are

used as an adhesive. NK swells before the dissolution increasing its

volume up to 1000%. NK shows almost no tendency to swell and is insolu-

ble in water, acetone, fatty acids, and other fluids with associated

molecules. The product of the reaction of NK with chlorine has the com-

position (C5 H6 CI4 )n. This chlorinated rubber is used for the production

of fireproof varnishes and also of adhesives for gluing rubber on me-
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tals. Saturated hydiorubber is formed by a catalyzed action of hydrogen

(platinum black being used as a catalyst); hydrorubber has the composi-

tion (C5H1O)n and is used as a surrogate for guttapercha and as an addi-

tion to lubricating oils. Gaseous hydrogen chloride forms with NK the

rubber hydrochloride with the composition (C5 H9 C1)n, used as a plastic

and a raw material for the production of tight packings for foodstuffs.

The halogen derivatives may further transform into more complex deriva-

tives of the NK. NK may be transformed into a cyclic form under the ef-

fect of acids. The cyclic rubber is an excellent film-forming material.

All reactions of the NK are generally accompanied by changes in the

structure: disruption of the macromolecular chains and Joining ("cross-

linking") of them into complex network systems, resulting in an essen-

tial change in the physical and mechanical properties of the rubber -

in the solubility, strength, elasticity, etc. Structural changes occur

also by reaction of the NK with atmospheric oxygen and other oxidizers.

Oxygen combines with NK even at room temperature, causing an oxidative

degradation. The so-called aging of the gum and the rubber, causing a

change in the properties of rubber products during storage and operation

(decrease in strength and elasticity, appearance of stickiness, brittle-

ness, etc. ) is the result of this reaction. The salts of metals with

variable valency (iron, manganese), and also some organic compounds

(aldehydes, mercaptanes) accelerate the oxidation; amino-compounds, al-

cohols, and phenols inhibit it. The latter are used as antifatigue

agents. Reacting with ozone, NK is transformed into the ozonide

(C5 0H8 3 )n, an unstable compound. The reaction of NK with the ozone pre-

sent ir, air is one of the causes for the appearance of cracks on the

surface of rubber products during storage and service. NK decomposes

when heated higher than 2000, forming diverse low-molecular hydrocarbons,

in which isoprene is always present. Irradiation with light with a wave-
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length shorter than 4000 A results in a degradation of the macromole-

cules of the NK and a generation of hydrogen gas. This process occurs

also when rubber products age in light. The reaction of NK with sulfur,

sulfur monochloride, organic peroxides and other substances causing

vulcanization is of great importance in practice. The vulcanization re-

sults in the formation of network structures, in which the long macro-

molecules are joint ("cross-linked") together by sulfur atoms or the

other vulcanizing agents. The high elasticity in a wide temperature

range, including the usually occurring raised and reduced temperatures,

is the technically most valuable property of NK and especially of its

vulcanizates. Soft vulcanizates (gums) of the NK are able to a reversi-

ble elongation by more than 1000%, having a tensile strength of up to

350 kg/cm2 (related to the initial cross section). In contrast to crys-

talline substances, the deformation of NK within 100-200% elongation is

not accompanied by a change in volume, and, therefore, by a change in

internal energy. Being connected with the thermal motion of the flexi-

ble macromolecules of the NK, its high elasticity may appear in that

temperature range where this motion is sufficiently intense. At a tem-

perature of about -700, the NK loses it elasticity even at very slow

actions and becomes brittle; NK becomes plastic at temperatures higher

than 80-1000. The magnitude of the deformation of NK depends not only

on the magnitude of the mechanical stress, but also on the time orits

action. The elongation of NK, just so as that of all elastomers, is ac-

companied by generation of heat, and its contraction by absorption of

heat. The irreversible part of the thermal effect is the cause of the

heating of rubber products during their service in practice and affects

strongly their strength and abrasion. Thus, the temperature of massive

rubber tires may attain 100-200@ at a high speed of the motorcar.

NK is usually present in an amorphous state. Crystallization, how-
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ever, is possible during a long storage. The crystallization proceeds

with the highest rate about -25', but even in this case, not more than

40% of the total bulk of the NIC become crystallized. The Ztretching of

IlK also causes crysta-lization. The amount of the crystallization in-

creases with increasing deformation and reaches a limit of 50-70% at an

elongation of 700%. This phenomenon is reversible. The appearance of a

crystalline phase during the elongation of the rubber increases essen-

tially the strength of the NK and of its vulcanized products.

The electrical properties of the NiC are also of great interest for

engineering. Its dielectric constant (and that of its vulcanization pro-

ducts) is about 2.5. Soft vulcanizatas and also ebonite are used as

electrical insulating materials. The gas- and waterproofnless of the NIC

is also widely used. Pure rubber is almost impervious by water, the

diffusion coefficient for water vapor through an NIK film Is equal'to

80 g/hr. The diffusion coefficiento i sl2l-~r h

main physical constants of NK are given in the Table.

TABLE-

xnceyaut W 02UNUM '7xcw2m TCNv: a. . aw
UaaieeU4."I aa~N . qI 87K VIS? C 2%

~ faowe~m~~.u) . .. O.06 0.911 *.P23 1.173
(KrAe fOX O. PGO) . . . - 32.10' 34.10- 39-10'

a Tonso~eUMMxbOm
(WU i* -oe~i).... .. 0.1 - 0.5 0 0.341

CN~un~u~.m(8.~'). 271-' - 5.0-110-4 21,3 -1f0"

1000 ame). . . . . .......... 2.37 2. 2,68 2.82
51 Taf"e yre xs "ws UJIH

ypflq. nfl"Pb (OPS qa.
Ctrg 1000 ew) .. .. .... 1.6.10-1 1,8.10-0 1.3-10-' .I0-

125 e -m 1 ~ .. .. ...... 23-10-"0 420tO-1 13-10-" 15.g-0-

*At 1 atm and 25%

13 Consta~nts and units of measurement*;
2)pure rubber; 3) commercial rubber;

4) softly vulcanized rubber with 2%3
sulfur; 5) ebonite; 6) density (g/cm )

heat conductivity 'cal/secm. degree);
sp ecific heat, Cp {cal/'d ere)9

compressibility (bar ) 10) 'dielectric
constant (at a frequency of 1000 cps); 11)
tangent of the loss angle (at a frequency
of 100~0 cPj 12) electrical conductivity
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The high elasticity of NK, the water- and gasproofness, the high

electric insulating properties, the stability to a great number of ag-

gressive media cause the extremely wide application of NK in all fields

of engineering and life. The main part of NK is manufactured to rubber

(vulcanized products). Not more than 1% of the extracted NK is used in

the raw form (rubber adhesive, crepe soles). More than 60% of the NK

are used for the production of motor car tires.

References: Dogadkin B.A., Khimiya i fizika kauchuka (The Chemistry

and Physics of Rubber), Moscow-Leningrad, 1947; Byzov B.V., Prirodnyy

kauchuk (Natural Rubber], Leningrad, 1932.

B.A. Dogadkin
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NATURAL WOOD - the main part of the trunk of a tree, an ensemble

of shells of plant cells. An anisotropic material. Natural wood contains

.A

Fig. 1. Diagram of the equilibrium moisture content of wood. A) Moisture
content, %; B) air temperature, *C.

free (capillary) moisture, which fills the voids of the cells, and

bound (hygroscopic) moisture held in the cell shells. The moisture con-
tent of natural wood is calculated by the formula W = P - Po/Po" 100,

where W is the moisture content in %, P, is the initial weight of the

specimen, PO is the weight of the specimen in the perfectly dry state.

The state in which natural wood contains the maximum amount of bound

moisture and the cell voids are filled with air, is called the satura-

tion point (TN) of the cell shells. The moisture at the saturation point

and a temperature of 200 comprises on the average for natural wood 30%;

the range of variation for individual species is 23-31%. The majority

of properties of natural wood is affected by the bound moisture con-

tent, i.e., variation in the moisture content in the range of 0-30%,

which depends on the air temperature and humidity. When held for a suf-

ficiently long time, natural wood acquires an equilibrium moisture con-
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tent, the value of which can be found from a diagram (Fig. 1). A reduc-

tion in the bound moisture content results in contraction of the linear

dimensions and volume of natural wood, i.e., shrinkage on drying.

Shrinkage on drying is calculated by the formula Y = a1 - a 0 /Q0 x 100,

where Y is the shrinkage on drying in %, a1 and a are the specimen's

dimensions in the initial and perfectly dry state. Complete linear

shrinkage on drying (when the moisture content is reduced from 30 to

0%) comprises 0.'1-0.3% along the fibers; 3-5% across the fivers in the

radial direction and 6-10% in the tangential direction. The total vol-

ume shrinkage on drying comprises on the average 12%. Shrinkage on

drying which corresponds to a moisture reduction of 1% is calculated by

the formula K = Y/w, where w is bound moisture in 5. For values of K

see Table 4. Natural wood is hygroscopic. When the bound .jisture con-

tent is increased distention (swelling), i.e., a phenomenon which is

the reverse of shrinkage on drying and is governed by the same laws,

takes place. Absorption of other fluids by natural wood also results

in swelling, but its value is the lower, the lower the dielectric con-

stant of the fluid. As a result of the diffe. nce in the radial and

tangential shrinkage on drying, transverse warping, i.e., change in

the cross sectional shape of timber, wood blanks and products takes

place when natural wood is dried or its moisture content increased.

Sometimes longitudinal warping takes place, which is a result of nonun-

iform shrinkage on drying and natural wood defects. The shape imparted

to components by machining can change as a result of residual streLses

which formed in the material in the drying process. Klin-dried boards,

if not subjected to final moistening heat treatment, have residual com-

pressive stresses in the surface zones which are as high as 45 kg/cm2

for beech and 16 kg/cm2 for pine, with the tensile stresses in the mid-

dle zone of the cross section being 22 kg/cm2 and 8 kg/cm2, respective-
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ly. The' wacer permeability of hardwood is higher than that of conifers.
j The specific gravity of wood substance is practically independent or

the species and comprises on the average 1.54. The specific weight of
natural wood is calculated by the formula y - p/v g/cm3, where 2 and v
are the weight and volume,, respectively,, of a natural wood specimen
with the same moisture content. The specific weight depends on the
species and increases with an increase In the moisture content. The
specific weight of the natural wood of birch, beech, white beech and
larch for other moisture contents should be calculated by the formula

,7e"- -Y', and for the remaining species by the formula ^fw -^(5
/1.075-0. 005 w. In these formulas w is a moisture cct=j below the sat-
uration point. The conventional specific weight is determined by the.
formula yus, = PO/vTN where p0 is..the weight of the specimen in-the
perfectly dry state, and v~n is the specimen's volume at the saturaticn
point of the cell shells.

The specific heat of natural wood depends on its temperature and
moisture and can be found independently of the species (see Fig. 2).
The thermal conductivity coefficient X of natural wood depends on the
temperature, moisture content, species (s pecifi~c weight) and the ther-
mal flux direction. For practical calculations the values of X upon
consideration of the above factors can b~ determined by the formula x=

-Xnom, K-- where Xnom is the nominal value or the thermal conduc-
tivity coefficient for wood with 'yusl 036 g/cm3 is found from Dia-
gram 3, K is a coefficient which is determined from Table 1 as a func-ly
tion of VuslIS and K. is a coefficient which is determined, depending on
the thermal flux direction,, from Table-2.'

The linear expansion coefficient of pine along the fibers is
3.7-10-6. across the fibers it is 63. 6_1 -6 for oak it is 4.9-10-6 and

544-o respectively.
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T-ABLE 2

ItantPeaftiue rpy"'iR nopox 'Hj S *9 3

pa.avamg."O'6 'I Lc~e i
I biA~b SaMKMU Xinflhwe N pa"Cean.

Huo-C.OCYAucre ANC?-

"A"SJu, WaO~IC01u I(Oahuoei'r,(yVAWeThW
"R~~"au Wc,,~e 1

3.) Direction; 2) group of species; 3) coefficient Kr; 4) tangential;,

5) all; 6) radial; 7) across the fibers; 8) conifers and difffuse-vascu-
lar hardwoods; 9) girdle-vascular hardwoods.

TABLE 3

CUOS~~tU* n fonpew ojr w

P03404Mil nopoxi IIOCTAI

NIJM UUMLIIOUW

1"0 CA 3. 29.0 14.5

Mite fl 0 1.-%

0.j34a 10 ~ 1 2 OC 5.2 5.
67 $ I~ I I . 0 CAe 14.0 41.5 S2.0
IrneetrPuq. n ton.

0)% u acTo~r

Isei 3.06 1.96 1.91
16 'AV0 2:.16 2:3s0 2.40 ~
IS36 3.16 2 2' 2.40

C.. V'.T pScflpoc?- *45
9
Ceg ~ 2

I ~ ~ K0 00 ý
l68y......... 4:""5 16, 1400

to Oeda 3625 1995 1535

1) Property of wood of various species;2 units; 3) along the fibers;
)a cross the fibers in the direction; 52)rail6)tneil;7

specific volume electrical resistivity at 8% moisture:;) larch; 9)
ohm-cm; 10) birch; ll) 'breakdown voltage at W = 8-9%:; 12) ky/cm; 3
13) beech; 14) dielectric permittivity at W =0% and frequency of 10
cps:; /15) spruce; 16) oak; 17) rate of sound propagation; 18) pine;
19) rnsec.

The indicators of certain electrical and acoustic properties of

wood are presented in Table 3. The mechanical properties are determined

by testing small c lean (free of defects) natural wood specimens in ac-

cordance with GOST 6336-52. The highest mechanical properties indica-

* tors of wood are exhibited when the load is applied along the fibers, in

* the plane across the fibers these indicators are sharply reduced. Dlata
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TABLE 4

2 (0 ex') M••• 4 ("& "s."1PI ., A'1' * ')
O~~~ewi3 ~ ~ ~ 1 13liaanwu~~ UOC',(iem., , a . = r. . -o - -

S 9 ,,,2 2)g r~ 1

i , *= ~

j tcaHMa . . . . 0.67 0.52 0,20 0.3q 548 987 1227 of AS 0.25 397 246lOC'I0 .. ..... 1  
0.40 0.18 I 0,31. 414 7"1 1009 • 9 67 0.20 262 20

2 . 45 0 36 0,17 0.31 390 703 1003 63 62 0.19 237 104
0. 44.0.35 0.12 0.28 358 64.1 6i Sou 64 0.15 2(12 115

;j/IS cUOUPCKPI 0. .. 18 0.30 0.11 10.35 341 03 C.6 56 59 0.1 7 -
4rp& . . . 0.81 0,63 0,2 o0.35 531 1211 1341 14! 177 0.4 1 825 709

0lr ......... 00 5 44 0.37 1 477
ic . 0.70 0.55 0.20 0.2 520 205 -3 13 1II 0.31 00 522

.... .... 0.6 9(.55 0.29 0 .o31 49 • 2083,•o390 1226 1222 0. 43 71 2 572
Bepeo3a 2 . . . . . . 0.64 0,50 0.28 0.34 467 967 1610 s5 102 0.40 42: 326

"aI"I.." s .......... 0,50 0.40 0.?3 0.33 .39A 7M5 IIS2 7a 74 0.26 :.14 260""0:ce.. ............ 0.50 0.4O0 0.15 U.30o 374 6l6 1201 5? ,3 9421 :41 s79

1) Species; 2) specific weight (g/cr 3 ); 3) coefficient ca shrinkage on
drying; 4) ultimate strength (kg/cm ) in; 5) modulus of resilience in
flexure (kg-m/cm3 ); 6) hardness (kg/cm2 ); 7) fcr 15% moisture content;
8) conventional; 9 radial; 10) tangential; 11) compression along the
fibers; 12) static bending; 33) tension along the fibers- 14) cleaving
along the fibers; 15) radial; 16) tangential; 17) end; 16) side; 19)
larch; 20) pine; 21) spruce; 22) cedari 23) Siberian fir; 24) white
beech; 25) oak; 26) map;e; 27) ash; 28) birch; 29) linden; 30) asp.

on the main physicomechanical properies of the most extensively pre-

valent species of natural wood, reduced to a 15% moisture .ontent, are

presented in Table 4. The indicators of physicomechanical properties

which are given in Table 4 are averages of magnitudes which vary be-

tween the limits M ± 3 a, where M is the average value of the indicator

from Table 4, and a is the root-mean-square deivation, calculated from

the formula a = Mv/lO0. The values of the coefficient of variation v,

which enters the above formula can be found in Table 5.

The majority of mechanical properties indicators is reduced sub-

stantially when the moisture content is increased to the saturation

point. The value of an indicator for a given moisture content can be
determined by the formula: a - a SK where a15 is the value of the

byth frmla w = 15 w'1

indicator at 15% moisture content, given in Table 4, K is a conversionw

coefficient. Table 6 presents rounded-off value of the conversion coef-
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ficients I., which make it possible to approximately estimate the lrm-

its of variation of indicators in the moisture content range of 5-30%.

For moisture contenst in excess of 30% these indicators practically do

not change.

Natural wood, particularly softwoods, has very high quality coeffl-

cients, which are defined as the ratio of the mechanical properties

indicators to the specific weight.

TABLE 5

3 Oft . .....l ................ .. 0
• 4' (ol* @muuutr 1c:Tmwu:

$pazil.a.fo...................... 2? 9
*•TanrtulmlaI~~*................ 25

.Y.aa.-,ta pawe npv yrapMom ms-ru,,. ....... ................ 32
9 Tutpnoc io o ........ .. ..... . 7

9 flpejoe n poqt~oCu rpn :
10 ,I aNI 81O IO."IO. O .10401 f3

v c arieCKuom wlarqx(...... I l
12 pAClNRettm e an.11. . 0.20oCoM . . . 013cpsmsem,. o.ur "soaL wao.ono

14 pSaamar.< ... ............ .. 22
$,5sxriwaussaoN . . . . ..... . .9

11 Indicators; 2) coefficient of variation v (%); 3),specific weight;
4 coefficient of shrinkage on drying:; 5) radial; 6) tangential; 7)
Smodulus of resilience in impact bending; 8) end hardness; 9) ultimate
strength in:; 10) compression along the fibers; 11) static flexure;
.12) tension along the fibers; 13) cleaving along the fibers:; 14) ra-
dial; 15) tangential.

TABLE 6

1(o.)464 wme
12 AWn pl

W=5% v=30%

npeien nppoqw m np.: I
4 C'AT•K sao.n noao,,on. 0.7 1.9

CtaT*qcpnm amrnte . . .. 0.9 t.5
*CKIJ!MI8MHUNU O.h3C,.IOKOH 0.7 2.5
7pacmxwenuu 3sUwII. sommoK 0.9 1.3

8 YAe.n•a*u pa6ova npu yaap-
.om sarun0. ..... ........ 0.l 1.2

'Tatpa cclb XzOIuz nopoa 0.7 1.9
TmepAO(ck 3UCTmw'-x n->-

POA . . .10........ ..... 0.7 1.5

1) Indicator; 2) coefficient for; 3) ultimate strength in:; 4i) com-
pression along the fibers; 5) tatic flexure; 6) cleaving along the
fibers; 7) tension along the fibers; 8) modulus of resilience in im-
pact bending; 9) hardness of softwoods; 10) hardness of hardwoods.
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TABLE 7

E. M: Li. g X. ,PT h. A . 9 ,r G, Got GI/'lni• ) €,a~u pat1 4 CI•. ,14 ,,a Im•purefl.p,* lsc•,i, •. f'•.. , fir"m :-

S. 2 11.4 7.1",,, I S Ie l . . I- - 0.,-
IL.9 91 40 1.; 0, '13.: 97! 4.

IS t " 4% II 6.04•.2 g14.5 .0 2.0

i) Species- 2) modulus of elasticity (thousands of kg/cm2) in 3) com-
pression; 4) tension; 5) shear; 6) pine; 7) spruce; E) oak; 9) birch.

TABLE 8

nopes the direction "o URN

fly ~ 43 0.4 00.07( W0.13010 A9.) 0.340
£ Oepsea j 0 :650 . 0 0430 lOG0400 '40

*The firs t subscript of g de-
notes the direction of trans-
verse deformation, the second
denotes the direction of force.

1) Speciesi 2) coefficient of transverse deformation;
pine; 4) spruce; 5) oak; 6) birch.

Table 7 presents the average values of the moduli of elasticity of

certain species of natural wood for a 15% moisture content. The sub-

scripts a, r, t of E denote the direction of force, i.e., a denotes

force along the fibers, r pertains to radially applied force and t to

tangentially applied force; the subscripts ra, ta and rt of G denote

the directions between which the change in angle takes place.

Table 8 presents average values of the transverse deformation coef-

ficient p for certain species of natural wood for a moisture content

of 10-15%.

The average ultimate endurance strength of the material in repeat-

ed bending, which is characterized by the streqs, comprises for various

species 0.2% of the ultimate strength in static bending. The strength.

of natural wood in prolonged static bending comprises for various %e-.

cies 0.60-0.65 of the ultimate strength in static flexure. Usually the
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following engineering properties of natural wood, which are also of
significance under production conditions, are taken into account; re-

sistance to cleaving under the impact of a wedge; capacity to hold me-

tallic fasteners, i.e., nails, wood Ecrews, spikes, clamps; resistance

"rZ wear or to gradual destruction of surface due to friction and other

mechanical factors. The wear resistance is increased with an increase

in the hardness of the wood, its specific weight, and is reduced with

an increase in the moisture content; the wear of the end surface is by

approximately 60% less than that of the side surface. Natural wood of

certain species, for example, guaiac, is used for the production of

sliding bearing liners using water lubrication, for example, for dead-

wood bushings of marine screws. In conjunction with this it is neces-

sary to determine the friction coefficient of the wood using various

kinds of lubricants and operating under different specific loads.

The mechanical properties of wood, in addition to moisture, are

highly affected by wood defects (knots, inclined fibers, cross grain,

rot pockets), the duration of load application, dimensions of compon-

ents, and other factors which must be taken into account when using the

above data in calculations.

Natural wood is used extensively in machine building, shipbuilding,

in railraods, in building, in the coal, textile, light, woodprocessing

and food industries. Natural wood has a high mechanical strength for a

low specific weight, has a good resistance to impact and vibration

loads, is easily worked and makes it possible to produce components

witn a complex configuration. It is possible to obtain reliable joining

of components and subassemblies from wood using glue and metallic fas-

teners. The surface of wood is finished well and has high decorative

properties. The negative features of wood as an engineering material

can be eliminated by special treatments. Wood is made fireproof by im-
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pregnating them by special chemical substances, i.e., antipyrines, or

by application of protective coatings. The biological resistance is Im-

proved by impregnating the wood by anticeptics. Retention of dimensions

and shape of components from natural wood Is ensured by special mois-

ture insulating coatings and impregnation with synthetic resins and

other substances. The anisotropic property of natural wood is reduced

by the use of gluing and various plasticization methods.

References: Perelygin, L.M., Drevesinovedeniye [Wood Science],

1957, 2nd Edition, 1960.

B.N. Ugolev

Manu-
script [Transliterated Symbols]
Page
No.

2696 TH TN tochka nasyshcheniya - saturation point

2698 ycn usl - uslovnyy - conventional

2698 HOlL nom - nominal'nyy - nominal

2700 rOCT GOST - Gosudarstvennyy obshchesoyuzZry standar -
-All-Union State Standard
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NAVAL (TIN) BRASS Is brass containing 59-91% Cu alloyed with tin.

Naval brass received its name from its higher corrosion resistance to

TABLE 1
Chemical Composition and Mechanical Properties of the
Naval Brasses (GOST 1019-47)

I Coepmenae mCounut am, MeISHE'. eACis enaasom
S, e NlP I (4%e) +epeaero erCT'&A

-2 " C(%) o nWa epwan'a

ICUa sn ZU Or 4
, 90-1 . 8--91 0.2.-0.75 Oeraa *m 30 ) 0 10504) , Morp) 5

so 6 130 6 te 1s o Mqrr l( lenn 50%)
,1070-1 ... 6--71 1-1,5 7 . 35 60 10600 S5 X',rW<,l9

85 1 140 Tnpz -,ll (Hoxnen 50%)
,,-OA- . 61-63 0.7-I.1 40 38 10000 65 Mqrrml

70 4 150 T"ep-mt (,laxae 50%)
J1060-1 . . 59-E4 1-1.- 0 42 36 10500 75 Mxriml

_ .. .. __ _ _.....68 4 160 T.geP'l&i (Hotaft 50%)

1) Alloy; 2) content of basic elements (W); 3) mechani-
cal prgperties of alloys of average composition; 4)
(kg/mm;); 5) material condition; 6) L090-1I 8) L062-1;
9) L060 -1; 6) .L0; 7) remainder; 8) soft; 9) hard (50%
work hardened).

sea water in comparison with the cther brasses. They also have good re-

sistance in fresh water. The addition of 0.25-0.75% Sn to the copper-

zinc alloys with 90% Cu improves the antifriction properties. GOST

i019-47 includes four types of naval brasses - Logo-l, LO070-1, L062-I

and L060-1. L070-1 and 1062-1 are most widely used. The 1L070-1 brass is

used for the fabrication of ocean vessel condenser tubes and tubes for

various thermotechnicail equipment. The L062-1 brass is produced in the

form of strips, sheets and rods and is used for the fabrication of
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various details which are required to have high corrosion resistance.

The chemical composition and basic mechanical and technological proper-

TABLE 2
Physical and Technological
Properties of Naval Brasses

.2 13A G a I

a 8Z" ""t 8 'I
P 17 t.. -" . ... ....

J1o9o-! .9 . t.0o 700-100 5540-C,$0 I i•o- o 1•,-
.1070-t . . . S, 39.1 0.2:2 "2072 935 60-750 550-650 TPYOU
J10112I . . . 8.5 111.13 0,26 0.07ý 906 700-750 SO--650 ITo rTn .. •,cvT IN no-

Z1OO-t . . . 5.4 21.4 0.24 0,07 00 750-400 $55--50 Hlpnoo,.ilw A,11 Cusp-no 13

1) Alloyl 2) (5/cm3); 3) (cal/
/cm-sec/ C); 4(ohm-= /m); 5)
melting point (C); 6) hot-work
temperature (0C)* 7) anneal tem-
perature (*C); 8) forms of mill
products; 9) LO; 10) bands and
strips; 11) tubes; 12) rods,
sheets and strips; 13) welding
wire.

ties of the naval brasses are presented in Tables 1, 2. Figures 1-5

show the variation of the mechanical properties of the naval brasses

with degree of deformation and temperature of annealing and heating.

Fig. 1. Variation of mechanical properties of L090-1 brass with degree
of deformation. 1) kg/mm2 ; 2) degree of deformation.
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Fig. 2. Variation or mechanical properties of L.090-1 brass with anneal-
ing temperature. 1) kg/mm2; 2) anneal temperature.

.0

P'OO 'Oý 600 *00

S*r 2

Fig. 3. Variation of mechanical properties of L096-1 brass with'_temper.-
ature. 1) kg/mm2; 2) temperature. - -

80 80

20.40

PC, '0 60

Fig. 4. Variation or mechanical properties of' L062-1 brass with degree
of deformation. 1) kg/mm2 ; 2) annealing temperature.

Fig. 5. Variation or mech~ni cal properties of I.062-1 brass with anneal-
ing temperature. 1) kg/mm2; 2) annealing. temiperature.
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References: Smiryagin A.P., Proi~shlennyye tsvetnyye metally i

splavy [Industrial Nonferrous Metals and Alloys], 2nd ed., m.,, 1956;

Mal'tsev M.V., Barsukova T.A., Borin F.A., Metallografiya tsvetnykh

metallov i splavov [getallography of Nonferrous Metals and Alloys], M.,

1960; Spravochnik po mashinostroitel'nym materialam (Handbook on Ma-

chine Construction Materials), Vol. 2, M., 1959.
Ye. S. Shpichinetskly
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NECKING - a characteristic of the plasticity of a material, de-

fined as the reduction in area of the cross-section of the specimen

during tensile testing.The term necking (reduction in area) is often

used to mean the final (terminal) arbitrary relative necking (see Rela-

tive necking); we can also distinguish Concentrated necking and Uniform

necking. Before necking the reduction in specimen area (t') is directly

proportional to the elongation 6:* = 6/(1 + 6)(,4 and 6 are expressed in

relative units). For metals which do not neck (* . 6) the value of

* > 6 indicates the presence of necking; the more intensive the neck-

ing, the greater the difference ( 6- 6). Necking is the most stable index

of plasticity, since it does not depend to any great degree on cross-

sectional nonuniformity or specimen structure.

N.V. Kadobnova
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II-23N

NEOLEYKORITE is an ivory-colored cast resin obtained by condensa-

tion of phenol with formaldehyde. Specific weight is 1.5, Martens

thermal stability no Lower than 70, thermal conductivity 0.35 kcal/ý

/m-h.r-*C, water absorption no more than 0.02% in 24 hours, Brinell

hardness no less than 12 kg/mm2 , modulus of elasticity 36 kg/cm2 "103 ,

specific impact strength no less than 8.0 kg-cm/cm , ultimate strength

no less than: 600 kg/cm? in bending, 2000 in compression, 500 in ten-

sion, volume resistivity no less than 1-1011 ohm-cm, tangent of dielec-

tric loss angle at 50 Hz 0.03. Neoleykorite is prcduced in the form of

blocks of rectangular shape and rods. It is used to fabricate equipment

details (knobs, handles, etc.) and products for consumer use.

2711



II-19N

NEUSILIZ is an alloy of copper with nickel and zinc.

GOST 492-52 includes type MNTsl5-20 (13.5-16.5% Ni, 18.0-22.0% Zn,

remainder copper) Neusilber which has the best properties among the of

group of ternary alloys of copper with nickel and zinc.

Type ýM-Ts 15-20 Neusilber is a solid solution of nickel and zinc

Ui, copper. It has high corrosion resistance, beautiful silvery color,

high strength, and satisfactory plasticity in the cold and hot condi-

tions. Neusilber does not oxidize in theair ant is quite resistant in

solutions of salts and organic acids. Neusilber is produced in the

form of strip (GOST 5o63-49 and GOST 5187-49), rod (TsMTU674-41) and

wire (GOST 5220-5-0). Neusilber is used to produce medical instruments,

processing vessels, telephone equipment, steam and water handling eq

equipment, articles for sanitary engineering, precision mechanics,

household ware, and decorative articles. For physical and other prop-

erties see article on Copper-Nickel Alloys. The mechanical properties

of Neusilber mill products are presented in Table 1, the mechanical

properties of wrougjht Neusilber as a function of annealing tenmperature

are presented in Table 2.
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TABLE 1

Mechanical Properties of MNTs
"15-20 Neusilber Mill Products

a (%
I1, II<'•'r•re WI T . imt %

I.J_.1 I ,S T 14T-i-ll,?cma larliyl5 l6 ro(l 35 35

Ill Tl lkp . llj I ' 55ll lt i / 1
li ~ ~ 'tolrl sIs I•To•

h'#; e t e ( I4; i GS
% 1ý* TIYIJ a ''11 11W I 3v, 30

II I-ri s m
23-. 4o

ý'--5 U 35 12
1)IFormmand teprf llq pro:,1duI 2r T)T.:lH~i~o, • ): 522U--",,

I. I-5 U i 30)
ll•' m.o'v~ l'A'siTell- To we

tral hard band; 10) doft dan 
11)f 

: n
14hlfhadi o ieh ( 15 a

N1eusilw ber a unto f nel

III I "I" rr11- (--): %
.I2, 4 . 0 . .. . . ..... . 6 0 5

5jJ)................5 v 5

I) Form and temper of mill product; 2) GOST or TU; 3)o(k/2)

)nolesstha; 5jsoft strip; 6) GOST; 7) hard strino...... .p;.same;.) ex-
tral hard band; lO) doft drawn and rolled rods of 6-50-dm diamener; 11)TsMTU;J 12) hard rods of diameter (mm); 13) soft wire of diameter (ram);

14) half-hard wire of diameter (n); 15) Nard wire of diameter mm).

TABLE 2

Mechanical Properties of .Nls 15-20
Neusilber as a Function of Anneal-

ing Temperature

Teenepr OTtM .ra TCA B•on .AoM.etlga

fartioen"ymet alav s lav(o.gp *3 N r ro5 3
2 11 . . . . . . . ..2 . 6 4

b 0 0 . . . . . . . . . . 1 2 2

700 . . . . . . 2 1

•*Deformed rods (50% work hardening)
of composition 15.1% Ni, 19.8% Zn,
remainder copper.

1) Annealing temperature (°C); 2)
ab ( kg/mm 2); 3) original material*o

References: Mal'tsev M.V.,,Bar-suk~ova T.A., Borin F.A., Metallogra-

.fiya tsvetnykh metallov i splavov (Metallography of Nonferrous Metals
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NEVYANSKITE is iridium-osmium, a mineral of the native element

group. The variety with predominance of iridium over osmium is termed

siserskite. Impurities are rhodium, ruthenium, platinum, gold. The

structure is close to the structure of chemically pure osmium. It has

perfect cleavage along (0001). Mohs hardness is 6-7. Brittle. Specific

weight 17-21. Color of nevyanskite is tin-white, siserskite is gray.

Nevyanskite is weakly anisotropic. It has high chemical resistance:

does not dissolve in acids, alimlis or aqua regia. Nevyanskite is used

for producing fountain pen points, tips for surgical instrumnents, re-

fractory crucibles, thermocoupler; its is used as an additive in many

alloys; high brittleness limits the independent application of nevyan-

skite.

References: Betekhtin A.G., Kurs mineralogii (Course in Mineral-

ogy), 3rd edition, Moscow, 1961; Mineraly (Minerals), Handbook, Vol. 1,

Moscow, 1960.

V.V. Nasedkin



NICIIROZO - aeec Alloys with High Ohmlc' Resistance.
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